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PREFACE. 


On the publication of the Authors book, “Wood- 
working Machinery: Its Rise, Progress, and Construction,” 
it obtained a large Pleasure of success. Finding, how- 
ever, that a more comprehensive and detailed description 
of the arrangement and management of saw-mills, railway 
wagon and other wood works, would have rendered it of 
rndre service to those absolutely engaged in wood con- 
version, the Author determined, as his leisure permitted, 
to write an additional hand- hook as a companion to the 
first ; and the present work is the result. The Author 
has endeavoured to make his descriptions as simple as 
possible. He has printed a number of rules connected 
with the subject, but has abstained from inserting in- 
tricate theoretical calculations which, even when found in 
books designed especially for the use of engineers, are not. 
a kvetys worked out by.tbeir readers, and may or may not 
be in accord with absolute practice. Tables of speeds and 
rates of feeds for various machines will be found, but the 
Author desires it to be distinctly understood that the 
figures given are not intended to be absolute, but as basks 
on which to work, and to be modified as circumstances or 
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the special nature of the work may dictate. As the 
principles, nature of material, and circumstances involved 
in the operation of wood conversion by machinery are so 
many and so varied, to lay down an arbitrary table of 
speeds would practically speaking be impossible. 

As competition in the conversion of timber has in- 
creased year by years, to secure an adequate return on 
invested capital it has become necessary to arrange and 
work saw-mills and wood converting works on an improved 
or, we may say, a more scientific basis than has hitherto 
been the practice; and, with this end in view, the Author 
has re-modelled and arranged a number of old mills, 
with very satisfactory results, both as regards output and 
working expenses. 

Arroni) Stiskh i . London, E.C. March. issa. 

NOTH TO SIXTH EDITION. 

Bv A. Powis Bali:. A..M. 1..M k< ii. E. 

As ‘‘Saw-Mills'* has become t lie standard reiorenee work foi 
Government Forestry Departments, railway companies, etc., tin* 
demand for this hook has necessitated yet another edit ion. < hviiuf to 
the treatment of the subject from 1 he basic einrmeiTinir point of view 
the main construction lias not been altered. Considerable progress 
has been made in the use of internal combustion engines lor power ; 
ball and roller bcaniurs for shafting and inaeliines ; chain mortise 
machines, etc., so these sections have been re-written and largely 
added to. 

. Furthermore the new Home Office Woodworking Machinery 
Regulations have necessitated a chapter; and dcscript ive nytos on 
unproved types of circular cutter bloefcs have been" udffc’d, as «Hie 
above Regulations ha\o made* this t\pe of cutter block essentia! 
for surface and similar type planing machines. 

" London, E.C. 
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SAW-MILLS: 


THEIR ARRANGEMENT AND MANAGEMENT. 


. CHAPTER I. 

ART! A N OF.MENT OI-’ A SAW-MILL FOR GENERAL PURPOSES. 

• 

In commencing this Book the author thinks it well to 
* say he has no startling new plans or theories to propound, 
bift simply intends to give briefly some of the practical 
results deduced from a lengthened experience in the con- 
struction and management, of wood-working machinery. 

A saw-mill being for the purpose of converting crude 
material into articles of commerce, the chief point to be 
aimed at is how to accomplish this with the greatest 
economy and despatch combined with quality of pro- 
duction. 

As regards the arrangement of the saw-mill, some 
difference of opinion exists as to the best form, and as 
in crowded cities all kinds of buildings have to # do duty, 
no arbitrary plan for setting out a mill can be laid down, 
for it necessarily varies according to the requirements 
or circumstances of the case. It must be admitted, how- 
ever, that as a rule sufficient attention is not given to this 
very important point, the result being a daily loss in 
working through badly -arranged machinery: this loss in a 
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day may appear small, but in the course of a year amotints 
to a very considerable sum, and is one that should not 
occur. 

Again, the size and shape of a mill should be varied 
according to the nature of the work to be carried on; for 
instance, a mill adapted for green timber or general 
timber conversion would be unsuitable for a business 
chiefly consisting of floor board planing, &c., or for a 
railway carriage mid waggon works. We will, in the first 
instance, briefly consider the requirements of a general 
saw-mill, where sawing, planing, moulding, and most 
kinds of wood conversion are carried on. Assuming 
ample ground space to be obtainable, we have found a 
rectangular building of a length of about two and a half 
times its width the most suitable shape. The building 
should be arranged with large sliding doors at either end 
of the mill, so that timber may be passed in at one emf 
in the rough, and, after being worked through the various 
machines, passed out at the other as manufactured goods. 
A tramway should run down the centre of the mill, and ‘ 
where much heavy timber is worked an overhead traveller 
is necessary. In arranging a mill, advantage should 
always be taken of the site with reference to land or water 
carriage of the timber, as much money is often spent 
in unnecessarily hauling it about. If near a canal 
or river, the building should be so planned that as the 
timber leaves the water it shall pass directly to the heavy 
machines, such as the cross-cutting machine, timber 
frames, or rack benches for breaking down; its *f uglier . 
manipulation is thus at once made easier. 

Our illustration (fig. 1) represents a plan of a mill for 
general purposes, designed by the author. Its arrange- 
ment will be understood from the reference numbers 
appended: — No. 1. 35 h.-p. high-pressure horizontal 
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engine;- 2, two 20 h.-p. double-flucd Cornish or Lanca- 
shire boilers, fitted with cross tubes; 8, cross-cutting 
machine for large timber fixed below floor; 4, rack cir- 
cular saw bench, to carry saws up to 6G in.; 5, combined 
log and deal and flitch frame, to cut up to 3 ft.; 6, trying 
up and planing machine, to work wood 18 in. wide by 
18 in. thick by 20ft. long; 7, 12 in. by 4 in. patent roller- 
feed planing and moulding machine; 8, roller and rope- 
feed combined self-acting circular saw bench, to carry 
saws up to *18 in. diameter; 9, tenoning machine; 10, 
double deal frame, to cut up to 14 X 4 in. ; 11, rising and 
falling spindle bench, to carry saws 80 in. diameter; 12, 
30 in? band-sawing machine; 13, vertical spindle mould- 
ing and shaping machine; 14, combined rip and cross-cut 
saw bench, to carry two saws up to 24 in. diameter; 15, 
saw-sharpening machine, for circulars and mill-webs; 1G, 
mortising machine ; 17, grindstone, with water of Ayr 
attached ; *18, glue-heater. Shafting underground marked 
m dotted lines ; speed, 250 revolutions per minute; the 
first length receiving power from the engine is 31- in. 
dial tu ter, the remainder 3 in. diameter ; overhead traveller, 
stores, offices, &c. 

It will be seen from the plan that the boilers are placed 
in a house entirely separated from the mill. We shall 
give elsewhere a sketch of an improved plan for fixing 
them that lias been found very satisfactory in practice. 
The engine also is separated from the other machines. 
Sheds for storing sawn timber are not shown in the plan, 
•but. we* strongly recommend their use in preference to 
outdoor storing, as the wood is thus saved from unneces- 
sary deterioration from the action of rain, frost, or sun. 
In designing these sheds care should be taken that the air 
is allowed to circulate freely through them. 

The cross- cutting machine marked No. 3 on plan is 
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placed below the mill floor, but is arranged so that ifrmav 
be raised above or depressed below the floor line at. plea- 
sure, so that if a heavy log is brought into Ihc mill and 
placed over the machine it can be immediately cross-cut 
and made at once more portable for future manipulation. 
The rack circular saw bench and log frame are so 
arranged that logs can cither be rolled from the timber) 
truck or dropped by the overhead traveller into position 
for sawing. The circular saw bench (Xo. 8) is arranged 
with a roller and rope fee d. This combination is espe- 
cially usiful. as the continuous roller feed is capitally 
adapted for sawing deals, but is u^elis* (hr round limber, 
for sawing which the rope feed conies in. Xo. 11 chi plan 
is a small saw bench arranged with two saw**, one fm*» 
ripping and Urn other for cmss-onlting. Tlv-e saws aie 
mounted on separate .-|»iudhs, arranged to run in a 
revolving frame, which may be worked by a band whc* # l 
and worm g aiing, ami titla-r the rip or cross-' nt site he 
brought ii it « » use abo\e the tabb*. as may be (msired, ibe 
saw not roouiml sinking at the s.une time below the level’ 
of the table. This belie b is imperially useful whore tin re 
are frequent changes in tlje nature of the work. 

Occasionally it will be found »d\antag.*oiis to ti\ the 
log frame in a small building outride the main one, as in 
many ca^ s the gantry crane (annot pn*> right through 
the saw-mill. It sometimes also happens that from water 
or other causes it is impossible to dig a dc p enough 
’foundation for a la^j* log frame; in tliis case it is neces- 
sary, to overcome the vibration in Vvoikiim, that «Jio ba^e t 
plate be much extended, and that the machine itself be 
entiredy s( 1 {-contained. Should tlm log frann be fitted 
up outride the main building, and no belt power be 
i eadily obtainable, it can he driven by a sepal: ic engine 
or a c w « i iideu’ attached directly to the top of the frame. 
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li the cylinder is attached to tlie top of tlie frame, the 
crank shaft is usually carried in a framing below the 
cylinder, and has a pair of fly-wheels fitted to it, one on 
each end ; from these, connecting rods are attached to 
the swing or saw frame, and a cross-head fitted to the 
top of the piston rod ; thus motion is given to the crank 
shaft and swing frame. This plan is also very useful 
where there is ample boiler hut lack of engine power. 
Where no uiilicultios of site, \c\, arise, however, we prefer 
the ordinary form of log or timber frame, driven by belts 
from below. 

A combined thieknos-.ing and surface-planing machine, 
with hand and power lfed, could he added with advan- 
tage to the plant we have sketched in plan, or any other 
machine:- adapted to any special kind of wood manufacture 
it is desired to carry out. 

• A coveicd slit d, or shed-,, for the v* ception of dressed 
tinfWr, should he attached to the mill, and also a 
magazine for shavings and sawdust made near the boiler- 
‘house. This and the engine-room should he made as 
nearly firepi oof as possible, with iron doors to separate 
them from the mill. The chimney-stack base is best 
made of stum* laid in cement, and the boiler-room floors 
also should he cemented 

All saw'-mill floors, whether ground or otherwise, 
should be made of ample strength to withstand machine 
vibration or any load tiait may he placed ou them. The 
gi\-und floor should he built on piers or columns, and a 
. cellar i*iai|,e iby chips and ^sawdust. We have found joist 
floors the best form of flooring to use, as from their 
construction they resist successfully any excessive vibra- 
tion. Where a single floor is used, and the bearing 
exceeds 10 ft., herring-bone strutting should he employed. 
It is very important that all machines should he perfectly 
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steady in working, especially those with high-speeded 
revolving cutters, such as moulding machines, or the 
work turned out will he marked or jarred, and in the 
case of very thin mouldings the wood has a much greater 
tendency to split. 

If the building is more than 100 ft. long, two or three 
lines of main shafting should be employed. This should 
he arranged under ground, and run transversely across 
the building. It should he easily accessible for lubrica- 
tion, removal of belts, &c. The various machines should 
never be crowded together, as, should the operator he 
hampered for room, a considerable loss in output is the 
result. If upjKT lloors are used light machines,* with, 
if possible, a rotary motion, should be fixed on then*,** 
as the constant vibration from *oiue machines with a 
reciprocating motion has a tendency to damage and 
displace the joists and brickwork, unless of very strong 
section. > • 

A very important point in the economical conversion 
of timber lies in its easy transhipment, if water-carriage' 
is available. Perhaps one of the best plans, where 
practicable, is to have a still-water dock where a steamer 
or barge can enter, or where the. wood can be limited in. 
Over this a travelling gantry crane can la meted, and 
pick the wood directly out of the vesstl or water, and 
place it on the machines or mill floor. Failing this, or 
a separate crane, a good deal may be done bv a lioisl 
'worked ^ from the mill shafting, a suitable slide being 
arranged to drag the timber up. * 

Our illustration (lig. 2) represents a simple hauling 
apparatus for bringing logs into the mill ; the engraving 
shows it mounted on beams, but it may be fixed below 
the floor, or carried in hanging brackets ; should it he 
found convenient to fix it below the floor, it would be 
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fiecessary to pass the chain over a snatch block, so as to 
bring it on to the level of the mill floor. The apparatus 
Consists of a cast-iron barrel driven by toothed gearing, 
motion being imparted by a belt working on to the fast 
and loose pulleys shown : this can be thrown in or out 
of gear as may be required. 

Where from exigencies of site an ordinary overhead 
traveller cannot be erected, Wellington travellers running 
on rails and passing over each machine separately, should 
be employed in fact in some cases: this will be found 
preferable, as with this arrangement several logs may be 
lifted and placed in position at the same time. Wel- 
lington travellers, of about 20 ft. span, will usually be 
'•found sufficiently wide; and they should he fitted with 
both lifting and traversing gear. For lifting light loads 
from floor to floor, the hoist, which we illustrate 
•herewith (fig, 3), will be found very useful: it can be 
fi*ed to the wall of a building immediately over a 
trap-door. Tin-, lmi-t is designed on a new principle of 
gearing which pn>\ ides a. Misijiniug gear which auto- 
matically comes into action when the handle is released. 
\s it is mounted on ball hearings. I net ion is at a minimum, 
and even a, boy can easily operate it. The largest size 
deals with lb cwt. The absence of a drum makes it very 
adaptable, being equalh suitable lor a 1 00- ft. or 2-ft. lift. 
Circular' saws have lately been introduced for cross-cutting 
logs as they lie in the timber-pond. The saw is arranged 
to project over tin* water, and the log is floated underneath ■ 
it, and lu;ld iji position whilst the saw drops on to it and 
cross-cuts it to any desired length, thus at once making 
it more portable, so that it may readily be nioted to any 
part of the mill. This plan is very expeditious, and when 
large quantities of timber are eomaled, should come into 
more extended use. 
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'For fixing or turning over 1 ol(s on the rack bench or 
saw frame, when* an overhead traveller is not in use, an 
ex'trunely serviceable apparatus is a travelling crab, 
which "is usually made to rim on rails attached to a 
beam or rool principal; the winding drum is worked by 
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a rope wliieh actuates suitable worm gearing. Timber 
clips are attm lied to tin* end ol tin* winding chain. 

In s{»\ -mills wlnie 1 a 1 * ■ ipiantities of heavy logs are 
converted especial meaiis lor handling and canting them 
should he taken. In all cases a log deck should he 
formed. Where the lot's are few in number and light, 
they may he got into position with some good hand 
ranting dogs. We give an illustration oi one (lig. 4), 
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which will be l'ouud a great improvement, owr tin* oH 
wooden patterns still considerably used. The pick and 
hook should be made of a good tough east steel, and the 
ironwork of best fagoted scrap iron : the shank anil pick 
should he forged solid. 'The handles should he about 
(> ft. long, and made of ash, or some good tough wood 
of about in. diameter, taju-rine downwards slightly, 
towards the end of tile handle. 



In the largi nulls • f \uit m i. w 1 , < -t- ■ < nonneiis •juan- 
tities <»1 heavy log* air con\< rod, sliani-dii\< n log decks 
and log mllcr* are mien used. The lou is usua II \ 
brought into the nidi and «»n to the deck h\ means of 
a spurred chain. f l iiat j».ui ol tin ■ deck nmiest to the 
tra\eliing saw carriage or t si i tics is made to incline, and 
at the loot of tin. incline is fitted a stop-pure: under 
the stop-pim is arranged a lavil-uid'd log roller, 
governed b\ a It wr, whuh is im:md;at;J\ under the 
control of the sawn i 1 5 \ piillmu this le\rr tlie log 
lollei is J)ut in motion, and Jilts 1 1 j » ■ log o\rr the stop- 
I>iece on to ihe travelling caiTiaee, ami another log 
coming iurther down the incline imimdialelv takes its 
plan 1 against tlie btop-pieta . With this arrangement the 
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saw peed only be stopped a very few minutes before 
another log is in position ready for sawing. 

•Another and very useful plan for rolling logs into 
position is to arrange a pair of folding travelling dogs, 
or knees, about 8 It. apart; these should project above 
the floor line of the log deck, and run on slides fixed 
below the floor. The knees can be actuated by suitable 
chain gearing, and by the use of double friction cones 
they can be brought agiinst the limber and made to 
roll it either backwards or forwards as may be desired. 
The knees should be arranged to fold up under the floor 
line, as they pass hack under a log, and straighten up 
again immediately on charing it, when they are ready 
# «fc> push the next log forward. By means of a lever, the 
friction gear can be phuKd immediately under the control 
of the sawyer, and where a large number of logs are 
•diverted this arrangement will be found of great value, 
saving an enormous amount of band labour, as it will 
not only roll the logs square on to tlie travelling car- 
riage, but bold them in positum till they are properly 
dogged. 

Sufficient spare should be left between all the machines 
for trucks mounted on wheels or castors to pass, and 
light Woodwork, joinery, <ic., may with advantage be 
stacked on a truck as it leaves the machine instead of on 
the floor.' Those trucks should be of strong but light 
construction, and in the case of cabinet or other light 
work arranged so that they may readily he hoisted from' 
.floor to *11001’. 

Adhere much timber is cut from the rough, as in 
Sweden or America, after the log lias been squared up on 
the rack bench and passed through a saw frame, the 
planks are usually placed on endless travelling belts, 
chains, or live rollers, which convey them to any desired 
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point for cross-cutting or otherwise. Where more* than 
one floor is used, as in many joinery establishments, ade- 
quate means for hoisting timber to each floor must be 
taken. A first-rate and rapid plan for carrying up deals 
is to arrange an endless belt, lit ted with stop pieces, to 
run round pulleys, at an angle of about -15 degrees, from 
the basement through a trap door to the floor above: Hby 
this plan deals, Ac., can be carried up as fast as they can 
be placed on the belt. For conveying heavy timber to 
the machines and about the yard, valor channels or 
shoots were propped some years ago, but were never, we 
believe, brought into extensive operation owing to the 
many drawbacks and objections to the scheme. 

Various plans for clearing away the sawdust f*’om the 
basement of the mill are in use; this is, however, a 
matter often somewhat mgleeled. In some mills a 
pneumatic or fan exhaii t. arranivnn nt b. liittd up; tills 
consists hrieliy of an exhaust fan attached lo.a main de- 
livery pipe, from which \ arums .auction pip* s branch oil 
to the different machines. 'Die machines arc fitted with* 
hoppers and shoots, into wlii-di the sawdust is sucked, 
passed to the main pipe, and dt liven d to the stoluliole or 
elsewhere. I f prop* rl\ prop* >rtioncd and arranged, this 
plan is tolerably successful ; sharp elbow* or curves in the 
pipes must in all cases bo avoid* d. or tiny will soon 
become clioked. Tim writer lias mfrodii * <1 a simpler 
and much less exp/ ndve plan, which lie ha* found to 
answer well, viz., to arrange one or moie endless cotton 
travelling hands below tin- mill !!■•«« r, w illj. ? h.y>K* leading 
to them; these hands will uiy away almost any amount 
of debris that may be put on them; and the chances of 
fire are thus considerably lessened ; or, in lieu of either 
of these methods large sacks mav be attached to the 
mouths of the various shoots, and these can be emptied 
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at intervals by a man especially appointed for tlie 
purpose. 

It is important that the mill should be arranged with 
ample lights both for dav and night use; the electric 
light should in large establishments be of very consider- 
able value, especially where water power for generating it 
is obtainable. The basement should be at least 6 ft. high 
and well drained and asphalted. Should a railway run 
directly into the mill it will be found advantageous in 
unloading the timber to have the mill floor raised a few 
feet above the level of the rails. 

The arrangement of a mill, especially for planing and 
matching, should dithr essentially from an ordinary 
•yenoral saw-mill or joinery works: in this case it is found 
advantageous to fix tin* various machines side by side? 
transversely, and to run the main shafting under ground 
Mie full length of the mill, the engine and hoiler being 
fixed in u. detached room at right angles to it. The 
building itself may be made much narrowe r than an ordi- 
nary mill, say of a width of about one-fourth its length. 
AYe have found 80 ft. long by 24 ft. wide a very suitable 
. \/o, and doors or openings should be provided opposite 
each machine The wood could thus he brought, in on 
one side, passed through the machines and out on the 
other. 

Although mills entirely devoted to planing are not 
numerous in this country, the subject is one of consider- 
able interest to timber converters and manufacturers of' 
.fiooring*in t othcr countries ; we therefore give in fig. 5 a 
plan of a planing mill, showing the latest American prac- 
tice in this direction. It is from the designs of Mr. M. 
0. IIu\ett, of Detroit, U.tt.A. Fig. 5 is a plan of the 
main floors, showing the arrangement of the machinery, 
shafting, &c., and the means of delivering the timber into 
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and out of the mill. The letters a, n, o, i> represent 
various planing and moulding machines; e, f, g, ii, 
various saw-benches for ripping, cross-cutting, edging, 
and trimming ; i represents the first line of shafting, 4 in. 
diameter ; and k, k, line of shafting, 3 in. diameter, sup- 
ported by 18 in. hungers ; L, cross-line shaft, which 
drives cross-cut saw, e, and trimming saw, ii; m repre- 
sents rails, 2i ft. gauge, for conveying timber from the 
yard to the machines ; x is blacksmith’s forge ; o is auto- 
matic plane iron grinder; p is drilling machine; u is 
work bench ; s, lire pump, with three discharges at 
u, u, u; and t is a pump and feed water heater. The 
fire pump lias connection also with the boilers fh rough 
the heater, by the use of valves, so that the mill is nof 
dependent wholly upon one puufp in tile case of a break- 
down. 

One of the chief improvements claimed in the plan of 
this mill is that its capacity may bo increased alim^t in- 
definitely without pulling anything down or altering ils 
general arrangement. Tie* timber is brought from lli< v 
yard on trucks, which run at a lower level than the mill 
floor on which the machines stand. After the boards are 
passed through the machines they are piled on a floor 
still higher than that on which the machines are fixed, 
and on a level with the railway trucks into which tiny are 
loaded. The whole side of the mill opens with folding 
doors. 

For cabinet-making, pianoforte-making, and other light 
manufacturing purposes a budding of several. 11 oors.m ay 
be used with advantage, the wood being delivered to the 
ground floor in the rough, and passed tliruugh the vaiious 
floors or stages till it arrives at the top of the building a 
manufactured article. 

The timber should, in ull cases, if possible, be stacked 
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in a yard a,t one end of the mill, so that it can be readily 
brought to the various machines by an overhead traveller, 
arranged to travel on a gantry, not only through the mill, 
but some distance into the timber yard ; this, of course, 
would only be necessary where heavy work is carried on. 
In case it is desirable to run the main shafting overhead 
from the nature of the ground, from water, or other 
causes, and it is impossible to form a cellar or basement, 
and where the machines can be placed side by side as in 
a planing mill, a tunnel for sawdust and chips should be 
made, running in a line underneath the machines. This 
tunnel should be about 0 ft. high by 6 ft. wide, so that 
the refuse may readily be cleared away. Tlie dangerous 
•V •active of men collecting the sawdust and shavings 
amongst the belts is thus avoided, and the chances of fire 
much lessened. 

^ In arranging the mill care mint be taken that the 
inottve-pouer should be ample to drive the various ma- 
chines, as irregularity in driving through having insuffi- 
cient, power is detrimental to the quality and output of the 
machines, and should a -team engine he used it much 
more rapidly deteriorates by bring strained, and a much 
larger amount of fuel is consumed in proportion in 
pressing a boiler beyond its capacity than in working a 
larger boiler at a lower pressure. 

Owing to the high rate of speed it is necessary to run 
wood-working machinery at, its operation is somewhat 
more dangerous than other classes; especial care should 
.thereforr be taken to guard against accident: all driving 
belts and pulleys should be boxed in wherever possible. 
The cutter blocks on the various machines should be 
fitted with guards, and also the intermediate toothed 
gearing, such as is found on moulding and planing ma- 
chines, ns it is necessary to protect them from dirt or 
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small pieces of wood, as owing to the strain that is con- 
stantly on them they are readily broken. For these in- 
termediate pinions we recommend steel, and, although it 
is somewhat diilicult to get sound castings, steel will wear 
out three sets of ordinary cast iron. All hearings should 
he protected from dust, which not only absorbs the oil, 
hut in some cases causes the bearings to seize owing to 
the particles of iron contained in it. For preventing 
accidents in working circular saws, a. variety of saw 
guards and shields have been introduced ; one of these 
consists of a narrow' cast-iron box made in the form of a 
half-circle, inside of which the periphery of the saw runs. 
This box is suspended over the saw from an arm fitted to 
one side of the saw bench framing, and is made ndju*t.aM» 
to saws of varying diameters. Set screw's tilled through 
the box on either side of the saw act as guides. Anotln r 
guard consists of a steel shield, formed as an arc of>a 
circle. This is smpemb*d from a curved bracket attached 
to the back of the bench. The shield is held concentric 
with the saw by a stud, and balanced by a counterpoise. 
It is made adjustable both vertically and transversely, 
and is held true over the saw' by means of small guide 
rollers. As the wood to lw* sawn is pressed against the 
saw, the shield rises before it and rests on 1 lie top of it 
till the cut is completed, whin the counterpoise brines it 
back to its original position. 

A good commercial make of saw guard is briefly described 
and illustrated in Chapter XII., p. 1 : >o. 

Much inconvenience is often caused by # loose jmllevs op 
machines seizing from lack of lubrication, and also by them 
cutting into l!ie spindle when dirt or other foreign matter 
has crept into the bearing. Fig. 0 illustrates a simple way 
of dealing with the problem. From this it will be seen that 
the loose pulley runs on a hush, which also forms the 
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retaining collar. A Stauffer grease cup should be used, 
as ii heat is generated bv undue friction the grease runs 
and gives additional lubrication ; furthermore, the shaft 
is undamaged and renewal costs arc thus much reduced. 

Where there is a heavy pull on the loose pulley, owing 
to a heavy belt being necessary to transmit the power 
required, or when the belt must be kept unduly tight owing 
to lack of room for sufficiently long centres, or when a 
vertical drive cannot be avoided, ball bearings are desirable. 



hig. 7 illustrates a very simple typo of ball-bearing mounting 
tor the above purpose, and is practically self -explanatory. 
It should bo remembered that the revolving race must be 
securely cramped (in no case must a key be used) while the 
stationary race (flic inner one) should bo a good push fit. 
End covers must be used to keep out dirt and retain the 
grease lubricant. The pulley is located by means of the 
split collar illustrated. As mentioned in Chapter XXXI 1., 
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it is essential to use a. suitable grease to obtain the best 
results. 

in cases uliere it is absolutely necessary to have a rather 
light belt, the strain can be taken otT it when at rest, by 
means of a. loose pullev having its diameter slightlv less 
th ail the last inn*, the edge ol tin* hist pullev being suitable 
rounded to lacilitate the belt shifting. 
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i be driving pulh\s on eireiilar saw benches, phi 
or otiier macliini s. whirli require a considerable amount 
of jiowcr, should never lie made of very small diameter or 
driven by a narrow belt, as the excessive strain on the 
belt causes great friction, and consequent beating of the 
bearings; these points arc. however, often nogh*ete<i: thv 
consequence ]?■> a circular saw sometimes runs out ot truth 
h»r no apparent reason ; but on investigation it ma\ be 
found that great heat has been transmitted to it from the 
bearings, causing it to become wavy and pliant in run 
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ning. # It may be taken as a safe rule that, a leather bell 
used to drive a circular saw, say up to 4 ft. diameter, 
without excessive strain to itself, should be of a width 
not less than one-seventh the diameter of the largest saw 
the bench is capable of carrying; for saws above 4ft. 
diameter a belt, one-sixth the diameter of the saw may be 
used with advantage, the driving pulleys being, of course, 
correspondingly wider. It is difficult to make a rule for 
the belting of planing machines, owing to their various 
types and the variety of the work tor which they are 
employed. For driving the main cutter spindles of 
roller or chain feed planing machines the following sizes 
will, however, he found suitable— machines with cutters 
to 12 in. wide, a belt live-eighths the width of the 
cutter; for cutters 18 in* wide, a belt oue-lmlf the width 
of tin- cutter, the bells for the intermediate sizes beiim 
increased or decreased in width in proportion. These 
sizes#may appeal* to be Somewhat wide, but, it will be 
lound much better to err on the side of width than that 
of narrowness, as owing to the belts in saw-mills becom- 
ing dry and unpliahle, the power transmitted by them is 
less than those used in most other factories,’ and the 
extra width of belt will counterbalance this. 
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CHATTER II. 

SELECTION OF MACHINERY. 

The selection of the requisite machinery for any p*u- 
ticular class of manufacture is a matter of the highest 
importance, and unless judiciously undertaken an in- 
vestor may find himself saddled with a lot of costly mM 
elaborate machines ill adapted to his wants. Care 
should be taken that the machinery selected should com- 
bine first-class workmanship and material. Owing to'ihe 
high rate of speed it is necessary to work at, and the 
various strains it is subject to, good workmanship in 
woodworking is more necessaiy than in many other kinds 
of machinery. The so-called “ cheap ” machinery mmd 
be held to be dear at any price, the difference in first cost 
being rapidly counterbalanced by breakdowns and loss of 
time, often coupled with inferior output. The points to 
be desired in an engine and boiler for saw-mill purposes 
we intend to discuss elsewhere. 

We shall now give a few notes on various machines, 
taking the plan of saw-mill already illustrated (fig. 1) as a 
basis. Taking first t lie rack circular saw bench, owing "bo« 
the very great power required to drive, and the waste of 
wood, we should not care to use machine's of this kind 
carrying saws of a larger diameter than, say, 6ft. Gin., 
but on account of the ease with which it is handled in 
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swing frame which carries the saws should combine 
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reducing heavy round or square timber into planks, 
flitches, or scantling, it will probably always play an 
important part in the saw-mill. In the most advanced 
machines the main framing is of the “ box” type and cast 
in one piece, with the saw-spindl^ let into its bearings 
from the top of the table; the self-acting gearing could 
also be attached to this frame. 

In addition to its strength and rigidity, one of the 
advantages in having the main framing in one piece is 
that it may he placed on a block of masonry, and is 
complete without having resource to the cumbrous 
wooden erections often used in fixing this kind of 
machine. The countershaft should be preferably placed 
iydow the floor. The travelling table should be made 
of wrought-iron plates, ag we have seen east or malleable 
iron broken by a heavy stick of timber falling on them; 
aw] they, of course, from their nature, are especially 
liable* to crack in frosty weather. The rollers carrying 
the table should be turned, and the return rack motion 
should run the table back at least three times the speed 
of the feed. It will he found to he an improvement in 
working to have the rack and pinion, by which motion is 
imparted to the table ; arranged in a horizontal plane, 
instead of a vertical, the side of the rack being bolted to 
the under side of the table instead of the back. This 
obviates tire rack riding on the driving pinion and 
damaging the work, as it is occasionally found to do 
with the old plan. 

Referring next to the combined log and deal frame, 
# the iTiain framing of this machine should be in as few' 
pieces ns possible, and of heavy section, to overcome the 
strain put upon it when running a number of saws, 
especially when working hard or frozen timber. The 
swing frame which carries the saws should combine 
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strength with lightness in the greatest possible degree ; 
steel of hollow section will perhaps be found most suit- 
able. The cross-rails should be of ample section, or 
they may be found to spring when carrying a large 
number of saws. For general purposes we prefer log 
frames driven by belts from a crank placed at the base 
of the machine, rather than those driven overhead, or 
those that are self-contained. They are much steadier 
in work, and can be driven at a higher rate of speed. 
Crank shafts bent by hydraulic pressure will be found 
considerably stronger than t lie ordinary “block ” crank. 
The connecting rod should be arranged to take hold of 

the saw frames by means of rods on either sale at about 

* • 

the centre of same, as strength and case in working s*iif 
gained, and less depth of foundation is requisite. Thu 
feed gear must be adapted to circumstances. The top 
pressure rollers for dual or ilitcli cutting should wold; 
independently of one another, so that tw«> pieces of 
unequal depth may he sawn at the same time. The 
cross-heads are Lest forged in tin* solid, of fagoted scrap 
iron. 

Taking next the trying up and planing machine, this 
will he found to be especially useful in taking timber out 
of “ winding/’ and making it perfectly true and ready 
for glueing up. The cutter block is best made of steel, 
of not too 1i»mv\ section. A graduated mdev should b“ 
fitted to the slide on which the cutter block works, so lhat 
the thickness of the cut » an easily be adjured to gauge. 
The speed of the iced gear should vary from \ t < > Jo It. 
per minute to suit different kinds o! wood, aiuT the* 
machine should be arranged to plane both wavs oi the 
traverse, so that no lime is lost in running back the* table 
foi a fresh tut. Vertical side cutters can be fixed to these 
machines when required tor edging and matching. 
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The mortise machine does not call for any special con- 
sideration other than having a table that runs on slides of 
ample length, so that it is free from all possibility of rock or 
variation of level during traverse. The quality of the chisels 
is a vital point, and this is dealt with in Chapter XVU. 

Passing to the tenoning machine, it will be found an 
improvement to have the top cutter block mounted in a 
slide, with both vertical and horizontal traverse, and by 
having it scaled, shoulders of unequal length can be cut 
with exactness, without the dangerous and uncertain 
method of shifting the adze block on its spindle. The 
fence bar and quadrant should both be accurately scaled, 
and a sliding stop arranged for setting out lengths. It 
juids considerably to the value of these machines to have 
a scribing apparatus fitted, and by means of a drunken 
saw double tenons may be readily cut. The driving belt 
can be kept at a constant tension by means of a pulley 
and# counterweight, which will be found an improvement 
over the old plan of tightening by a hand wheel and 
porew. 

Parsing next to the band-sawing machine, to make a 
really efficient machine, with freedom from excessive 
vibration, the main framing should be rigid, and cast in 
one piece, and of a height not greater than is absolutely 
required for working, as the vibration is much increased 
by sticking the top saw- wheel too high in the air, and 
we have seen many otherwise* good machines damaged by 
this oversight. For the lighter machines a stout flange • 
casting js sufficient, but for the heavier type a hollow or 
box* frame is to* be preferred. Care should be taken that 
the frame is bowed sufficiently to allow’ of enough room 
between it and the saw for the easy manipulation of the 
wood. The saw wheels should be of ample diameter, as 
light as possible, and fitted with a canting arrangement. 
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Speaking approximately, the wheels should he of a 
diameter of about one-fiftli the length of the saw blade, 
and the saw blade of a length not less than eighteen 
times the depth of the wood to be sawn. In some 
machines of recent construction the rim of the top saw- 
w T heel has been made of steel, the spokes of hollow 
wrought iron, and the centre of cast. This is an im- 
provement, as it combines in a great degree lightness 
with elasticity, and reduces the strain on the saw. It 
is important that both saw wheels are accurately turned 
and balanced. This is often neglected, or improperly 
done, the result being an increased breakage of saws. 
The top saw-wheel should be mounted elastically, and 
double bearings will be found preferable to single oiiew« t 
To lessen the breakage of the sa^s from expansion, con- 
traction, or other causes, and to keep them to their 
proper tension, a weighted lever or spring should be 
litted to the slide canwing t lie top saw-wheel. Metallic 
friction guide wheels should he provided to receive the 
back thrust of the saw . Tn machines for sawing heavy 
timber it will he found an improvement to add side 
friction guide rollers plan d oil a spindle vertically, and 
arranged to guide from the teeth of the saw. The upper 
saw T wheel should in all cases he so arranged, that it 
can he set to an angle with the lower wheel, thus diiect- 
ing the saw T to run on any part of the periphery and 
equalizing the wear on the india-rubbci or leather cover- 
ing. The table on which the work is placid should he 
arranged to cant for Level sawing, and he filled, with an 
index and pointer showing thb angle. Should an extitmie 
angle he required, the column of the machine or Hit; top 
saw- wheel can be arranged to swivel also. 

The vertical spindle irregular moulding, sha ping, and re- 
cessing machine will be found an extremely valuable tool 
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in a general wood-working establishment, especially where 
furniture, joinery, &c., are made. Notwithstanding the 
extreme simplicity of the machine, a great variety of 
beautiful work can be performed on it, cither in hard or 
soft woods. It will work all varieties of curved lines, 
from the most delicate cabinet work to Gothic roofs of 
churches or moulded ship’s timbers ; it will cut with 
ease circular or straight cornice mouldings, mould table 
or sideboard tops, chair and sofa frames, circular sash 
frames, &c., and when not in use for irregular work it 
can be employed for straight, such as sticking architrave 
mouldings, sash bars, stop chamfering, grooving, rebating, 
planing^ thick] tossing, itc. In working circular or irre- 
gular mouldings, to turn out clean work, it is necessary 
that the cutters should always operate with the grain of 
the wood. This can he secured by mounting two spindles 
in the same machine, but revolving in opposite directions, 
so that the work may he passed from one spindle to the 
other, or if a single spindle is used it should he made 
instantly reversible. Hard, close-grained woods, such as 
oak and walnut, can be worked well on these machines, 
but those woods in which the fibre is irregular, or long 
and stringy, must be manipulated with care, or the 
moulding will he found rough and uneven where the grain 
of the wood changes, hut oak, walnut, mahogany, pine, 
birch, cedar, maple, plane, rosewood, tulip, satin, and 
most other woods used in cabinet work can be worked 
to advantage. In fact, we consider this tool one of the 
most valuable of all wood-working machines. • Where 
undercut ifiouldings arc required the cutter spindle can 
be arranged to angle. 

All machines must be set at a dead level, both hori- 
zontally and transversely, and be free from excessive 
vibration when at work. Freedom from vibration is in 
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a groat measure secured by using machines with framings 
constructed on the “box” or solid casting system ; this 
is, of course, assuming the cutter blocks, &c., are truly 
balanced, and the working parts well fitted and pro- 
portioned. It may be taken as a general rule that the 
larger machines requiring the greatest power should be 
fixed nearest to the motor and the lighter ones farther 
away. "Running machines or countershafts at short 
centres should by all means be avoided as much as 
possible, as a considerable amount of power is lost from 
the slij) of the belt; the hearings and the belts them- 
selves aho much more rapidly deteriorate, and ellicient 
lubrication is more difficult. 

* 

It may be a trite but none the less true remark that 
extreme economy in wood should be exercised in a saw- 
mill to make it pay, especially in this country, where 
competition is exceptionally severe, ; the necessity for the 
remark was brought forcibly to the author’s notice lome 
time back, when in visiting a large mill lie was astonished 
to see several machines cutting mouldings from square- 
sided pieces of wood, a large percentage therefore being 
wasted, instead of preparing the wood on a saw bench 
by cutting it to a bevel or feather-edged. These bevelled 
pieces are easily fed through a moulding machine by 
substituting for the ordinary parallel feed-rollers narrow 
rollers, with their peripheries serrated and sharply 
bevelled, and the pieces of wood sawn oil* can also be 
worked up into small mouldings. 

Bcfofe leaving the subject oi selection ol mael^inerv the 
question ol hearing:- must he considered. * VYhfle lor rfnmh 
and dirty work the split phosphor bronze hearings still 
hold their own. for high speeds in suitable situations 
ball and roller bearings have many advantages. Tin* 
power consumed in friction is very much less, espe- 
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cially *so in the ease of the power necessary to start up a 
machine. 

While roller bearings consume slightly more power than 
ball bearings, size for size, they will take a very much 
greater load, especially so in the case of machines subject 
to jar, which is so detrimental to lull bearings. Holler 
bearings of the type, in which the length of the toIIots is 
practically equal to their diameter are most suitable for 
machine work. It should be remembered that ordinary 
roller bearings will not lake any thrust load satisfactorily. 

(Jood quality lubricants are essential for the above 
bearings: they should be neutral, f.c., no excess of acid 
or alkali, and should be free from moisture, which is often 
j/resent in grease. 

(! reuse lubrication by means of screw-down cups has 
many advantages, as the grease runs more freely if heat 
is generated, and also preumts lie* ingress of sawdust and 
dirt.* Imbrication is dealt will) in a more detailed manner 
in Chapter X. 
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CHAPTER m. 

ARRANGEMENT OF SAW-MILL FOR RAILWAY CARRIAGE 
AND WAGGON WORKS. 

I'm: arrangement of a saw -mill or wood -working 
factory for the manufacture of railway carriages an/l 
waggons should differ considerably from tho^e mills we 
have already described. For manufacturing on a con- 
siderable scale, a building of ISO yards long bv *20 yards 
wide would be suitable, or say generally a building of a 
length of about four times its width. TTii.-^ should be in- 
tersected transversely with three or more lines of rail^, 
and one line with turn-tables running the full length of 
the mill. To make ourseh os more clour, we append a 
rough plan (fig. 0) of what we mean, with reference 
numbers. By this it will he set n the engine and boilers 
(Nos. 1 and 2) are arranged in a house entirely separated 
from the main building, and a line of rails for bringing 
fuel, <£c., is laid to run at the side of them. 'Flic mill or 
works may be said to be divided, by the rails running 
between them, into four sections or clashes. % Sect ions 
1 and 2 comprise the heavy sowing machines for brewing 
down the logs and sawing roueh timber; these consist of 
cross-cut, circular, mill and baud saws. Seri ion 3 in- 
cludes planing, moulding, tning-up, surfacing, and other 
machines for still further dressing and preparing the 
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wood after it Inis been sawn to dimensions. Section 4 
contains mortising, tenoning, scraping, sand -papering, 
and other machines for finishing the various articles pre- 
pared in the previous sections. A sub-section, which we 
will call No. 5, may be attached to this for sawing, adzing, 
and boring sleepers, making treenails, compressing keys, 
and preparing other woodwork connected with the perma- 
nent way of a railway. 

It will be seen from this brief sketch that the workshop 
is so arranged that the heavy timber enters at one end, 
and is gradually manipulated through the various ma- 
chines till it reaches the opposite end of the mill in the 
shape of complete sets of woodwork for railway carriages 
ob trucks; and we take it that mills for manufacturing 
any kind of woodwork should he desigued 011 this system 
of gradual progression, as when it is once thoroughly 
established, and each machine has to look to another for 
work, a regular and economical system can be better 
secured in this than in any other way with which we arc 
acquainted. 

Many of our remarks with regard to the ordinary kind 
of saw-mill will apply equally well to the one we are now 
considering. 

We append herewith reference numbers of the various 
machines shown on plan : — No. 1, two pairs of Lanca- 
shire boilers fitted with Galloway cross tubes, 35 horse- 
power each; (2) pair of high-pressure horizontal engines 
of 30 horse-power each ; (3) circular saw cross-cutting 
machine # ( fixed below floor) ; (4) rack circular Saw, ar- 
ranged with* two* saws, mouifted one above the other, but 
running in the same line ; (5) combined log, deal, and 
flitch fiame to take in logs up to 48 in. diameter; (6) 
large band-sawing machine, with travelling table for 
breaking down logs, wheels 5 ft. diameter : (7) horizontal 
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singlc-bladed saw frame, for cutting panels or crooked 
timber, to cut logs 4 ft. diameter by 30 ft. long; (8) cir- 
cular saw bench arranged with roller and rope self-acting 
feed, to carry saws up to 48 in. diameter; (9) rising and 
falling spindle circular saw bench, to carry saws up to 
3G in. diameter ; (10) cross-cutting circular saw bench, to 
carry saws up to 42 in. diameter; (11) combined ripping 
and cross-cutting circular saw bench, to carry two saws up 
to 24 in. diameter ; (12) band-sawing machine, to cut up 
to 22 in. deep, 42 in. wheels ; (13) four-cutter centre 
roller-feed planing, jointing, tonguing, grooving, and 
moulding machine, to work wood up to 10 in. wide by 0 
in. thick; (14) trying-up and planing machine, to work 
wood up to 24 in. wide by 18 in. dee]) bv 20 feet long.; 
(15) panel-planing machine, to jvork wood up to 21 in. 
wide by 4 in. thick ; (1G) panel-scraping machine, to work 
wood up to 24 in. wide by 4 in. thick ; (17) large double 
tenoning and cross-cutting machine ; (IS) small tenoning 
machine; (19) slot mortising and boring machine; (20) 
multiple boring machine; (21) large combined steam 
mortising and boring machine; (22) sandpapering ma- 
chine; (23) large wood lathe; (21) saw sharpeners; (25) 
grindstones, etc. ; (2G) band saw sharpening machine ; 

(27) main shafting, running at 250 revolutions per minute ; 

(28) tunnel for shavings, running the whole length of 
mill; (29) double spindle irregular moulding and shaping 
machine ; (30) drum sandpapering nun bine. 

Additional plant in annexe for manufacturing woodwork 
for permanent way: — No. 1, engine and boiler \ (2) end- 
less chain-feed bench for stowing sleepers ; (3) sleeper 
adzing and boring machine ; (4) key compressing ma- 
chine ; (5) circular saw bench, to carry saws up to 30 in.; 

(6) axe and hammer handle and spoke-dressing machine; 

(7) treenail turning machine. 
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Tt will be seen from the plan that duplicate sets of 
boiled are shown (No. 1) ; in a large establishment like 
the one designed, this arrangement is strongly to be 
advised, so that in the ease of a breakdown the whole 
works may not be laid idle. These boilers can be used 
alternately in pairs, say for a fortnight or a month at a 
time; opportunities are thus given to clean or overhaul 
the boilers not in use, which is a matter of great import- 
ance where the water is bad. It will be found the best 
plan to keep the boilers not in use quite full of water. 
The steam pipes are arranged so that the waste steam is 
conveyed to the timber-bending department, where the 
roofs of carriages and such like work are prepared, and 
pipes are also laid so that it can be used for heating the 
general workshop in the winter. 

The engines (No. 2 on plan) are a pair of high-pressure 
horizontal, of a type we have found very suitable for 
drrvjjig wood-working machinery, of wliicli wo give a 
specification elsewhere. The room in which they are 
fixed is entirely separate from the mill, but in all large 
establishments communication should be established by 
an electric wire or by means of a wire and bell between 
t iie various machines and the engine-driver, so that in 
case of an accident the alarm may be instantly given, and 
the engine stopped without delay. 

While, genenllv speaking, steam is usually adopted for 
the heavier type ol wood-working factory, owing to its 
ability lo deal with o\orloads, consume waste wood, and 
supply steam for timber drying purposes, consideration o f 
gas«and oil engines must aot be omitted. For special 
cases the latter have substantial advantages. Where 
departments have to be in isolated buildings, and where 
certain machines have to be run only very short hours, it 
often pays to generate electricity in the main power house 
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delivered by rail) are a good investment. For oil fuel the 
tanks should be capable of being readily filled by gravity, 
if possible, or otherwise by a convenient pump. 

Oil tanks should have valves for isolation purposes, and 
have suitable apparatus for dealing with an outbreak 
of fire. 

Waste often takes place when steam is taken direct 
from the boilers lor heating or drying room purposes. To 
check this and also save the labour necessary for regula- 
tion a thermostatically controlled steam valve can be 
employed. 

The type of thermostat illustrated (Fig. 10) forms 
a self -contained unit with valve or valves which it 
controls. 

The energy required is.supplied by the rapid expansion 
and contraction of a liquid highly sensitive against 
temperature variations — that is to say, bv direct liquid 
pressure — applied to a frictionless piston. As the tempera- 
ture rises the valve is gradually c dosed , so that after- 
hoating effects, when the valve is at last completely shut, 
are less than with devices suddenly shutting off the fully 
opened valve at the desired temperature. 

The regulator consists of Thermostat (A), Connecting 
Tube (B). Waive Controller (('), and Valve (D). A, B, and 
C are completely filled with the operating liquid and 
hermetically sealed. On expansion with rising tempera- 
ture, the liquid passes from the thermostat tube (A) to 
the valve controller (C), in which it acts on a flexible 
jp\ ston(P> , . 

P consists of seamless spirally corrugated tubing, of 
great elasticity and resiliency. This piston is hermetically 
attached to the casing at E, and is capable of with- 
standing very great pressure. At its non -attached end 
the piston tube is closed by a cap into which is screwed a 



34 ' 


SA W-MILLS. 


rod (R), which passes through the interior of the piston 
tube. 

On compression of the piston, this rod acts on the 
valve stem, gradually closing or opening the valve. On 
contraction of the liquid, with the slightest drop in 
temperature, the resilient piston immediately recedes, 
returning the liquid into the thermostat tube and allowing 
a spring (S) on the valve stem to re-open the valve. The* 
regulator is set for the desired temperature bv a sinvlar 
piston in the thermostat, which also acts as a safety 
device. 

In Chapter IV. more detailed consideration of the power 
unit is given. 

If much very heavy timber is to lie t on verted. »the 
rack bench (No. 1) rm be ol # the type known as tte 
American,* in which two circular saws are mounted one 
above another, but with their peripheries revolving in 
the same line. The use of these two saws — one ofovlnck 
cuts into the top and the other the bottom of the log — of 
moderate diameter, is preferable to a single saw of very 
large diameter. The depth of the saw cut can also be 
increased by arranging the log to travel outside the saw, 
this part of the bench at the same time being made lower: 
this obviates the necessity of the travelling table and log 
passing over the saw spindle, as is the case in most 
machines of English construction. In this form of 
machine it is necessary to have a special kind of adjust- 
able travelling guide, or fence, fitted with movable 
“dog$,” °r headblocks; these should be fixed # about 3 ft. 
6 in. apart, and all made «to actuate by ohe leve*. 

* What i* known :ih the A merman rack bent'll is really of Kn-jlish 
origin. Hlers patent for tie- improvements embodied in i* being granted 
to Measrs Saynor k (Ir'-enwood in the year 1824. See “ Wood-working 
Machinery : it'- Progres-. and Construction,” by M. Powis Hale. 
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graduated scale, showing the distance from the face of 
the head-blocks to the saw, should be provided, so that 
the sawyer can see at a glance the thickness of the cut he 
is going to make. 

The combined log, deal, and flitch frame (No. 5) should 
be able to cut up to 48 in. deep, and, in addition to being 
used for converting timber into flitches, planks, or boards, 
it can also be used for sawing the carriage and waggon 
soles, sheathing, &c. 

For cutting valuable woods into panelling, the hori- 
zontal single-bladed saw-frame (No. 7 on plan) is to be 
preferred, as eacli board may be examined with regard to 
its soundness as it is cut; and as the saw — which is 
arranged to cut both ways of the traverse — it carries is of 
thin gauge little wood js wasted : the power required to 
drive is small. 

The band-sawing machine (No. 6 on plan) can, if 
desired, be arranged with a travelling table, and be used 
for breaking down heavy logs. The work turned out on a 
carefully-handled band saw of this kind is very clean, and 
the power used is small ; but, owing to some little diffi- 
culty in keeping the saw to the line, their adoption in this 
country for this work lias certainly not progressed as fast 
as the many merits of the machine deserve. For sawing 
out brake blocks, seat arms, curved supports for roofs of 
carriages, door-frames, &c., the smaller machine (No. 12) 
can be used. The various saw benclies for sawing to 
dimensions, cross-cutting, grooving, &c., numbered on* 
plan, do not require any special notice, except* that we 
^•■pjtfer tha*t No. 10, the cfoss-cutting bench, should be 
arranged for the saw to move through the wood instead 
of the wood being pushed through the saw; this can 
readily be accomplished by mounting the saw on a hori- 
zontal sliding bracket, arranged with a self-acting feed. 
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Should more than one saw be mounted on a saw bench, 
and it be used for edging purposes, it will be found best 
to regulate the position of the saw by means of a pedal 
movement, as the man is thus enabled to have free use of 
his arms to keep the wood in position. No. 11 on plan, 
a combined ripping and cross-cutting bench, should be 
especially made for accurate dimension sawing. The 
saws are usually mounted on a revolving arm, and either 
of the saws required for use can readily be brought above 
the surface of the table. A figured quadrant for setting 
out should be fitted . and also a travelling slide for cutting 
mitres, &e. 

We now pass onto section 3, which consists, as we have 
before remarked, of various kinds of planing and mould- 
ing machinery. No. 13 on plan is a combined roller-fee 1 
planing, jointing, tonguing, grooving, and moulding 
machine, especially adapted for planing carriage floor 
boards, chamfered waggon sidob, soles of carriages, Ac. ; 
perhaps the most useiul size for railway work is one to 
plane wood up to 1G in. wide bv G in. thick. The vertical 
side cutters should be arranged to angle, and they will be 
found very serviceable in beading and chamfering, as well 
is tonguing and grooving. We have elsewhere given 
some notes on planing machines of this type, so will 
proceed to No. 14 on plan. 

The trying-up and planing machine (No. 14) will be 
found extremely useful in railway works, in planing to 
dimensions and taking out of winding waggon and car- 
riage s61es, cross-hearers, stretchers, butler-beams, and 
such like heavy work; it willmlso be found advantageous 
for edging to one exact gauge, as several waggon soles 
or a number of boards may be cramped together on edge, 
and passed under the cutters at the same time. 

While dealing with planing machines, the consideration 
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of cutter blocks should he undertaken. Til the pant many 
types were used, but now in (Ireat Britain patterns are 
becoming standardised. The circular safety cutter block 
in Aiany cases essential, but many tour-sided cutter 
•blocks can be converted, and although not so satisfactory 
from the point of view'd the operator who has to set the 
cutters, they will pass the Home Office Regulations. 

•'Jhese Regulations, issued under the heading of The 
Woodworking Machinery Regulations, 1922, are reprinted 
by authority in Chapter XX XIX. 

A very satisfactory type of circular cutter block, made 
bv the firm of J. Sugar & Co., Ltd., is illustrated above. 
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To obtain tlie best class of work from the circular cutter 
block it is essential to set the thin knife cutters with 
accuracy. This operation requires more skill and care than 
the setting of ordinary cutters, and cutter setting fixtures 
are being largely adopted. As their use gives better 
results and saves time, most makers now include a pair 
of cutter setting gauges with the equipment of the 
planer. A model made by Messrs. A. Kansome & Co.. 
Ltd., is shown mounted on one of this firm’s circular 
cutter blocks. 

No. 1 r, is a panel-planing machine, to work wood up 
to 24 in. wide by 1 in. thick, and fitted with vertical side 
cutters: it is one of the most useful machines that can 
be found in railway carriage works, as the carriage panels* 
can he planed and tongueri to fit into the uprights and 
door frames without any hand finishing. The panels, 
which are often of valuable wood, usually vary in thick- 
ness from Jin. to ^ in., and, to avoid splitting them, {his 
machine requires to be very carefully made and handled. 
A variable feed should be fitted, so that the rate 
may be adjusted to suit different kinds of wood or 
thickness of cut. The framing of the machine should be 
cast in one piece, and a gauge fitted to show thickness being 
planed. 

No. 10 on plan represents a panel-scraping machine for 
finishing the board after it lias left the panel-planing 
machine ; the scraping is performed by means of a fixed 
‘plane iron, which is made to project slightly above the 
level of the table of the machine : on tlys plane iron a. 
kind of “burr” is made, and’the wood is forced over iT 
by powerfully-geared rollers. 

Passing next to the tenoning machines (Nos. 17 and 
18 — see plan, fig. 9), the heavier machine (No. 17) 
should be specially designed for cutting single or 
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double, tenons on the sides, bearers, and diagonals of 
the under frames of waggons and carriages. The author 
thinks it best, owing to the weight, to arrange the table 
with a self-acting traverse motion, and at the same time 
make it to swivel. The table should be made wide 
enough to take, say, four waggon sole-plates at once, and 
double tenons can be cut on them at one passage of the 
table past the cutters ; the table can then be swivelled 
round, and during its passage backwards tenons are cut 
on the opposite ends. Tenons on the diagonals can also 
be readily cut by this arrangement. The middle of the 
tliree-cutter head should be made movable, and the 
machine .can then be used for rebating the ends of the 
gple-plntes for the iron rings. An extra slide carrying a 
cross-cut saw can be mounted on this machine with 
advantage, so that all the pieces of timber can be brought 
to yne exact length at the same time that the tenons are 
being cut. One great advantage in the swivelling table 
we have spoken of is that, when once the wood is fixed, 
all the tenons are cut without its being moved, and they 
are all exactly parallel to each other. 

The machine should be of substantial construction, 
with a bed-plate cast in one piece and extended so as to 
carry both the vertical column of the machine and the 
table. If desired, this machine may be arranged so that 
the wood remains stationary, and the cutters made to 
travel past the end of the timber. 

Taking next the heavy steam mortising and boring 
machine (No. 21), this should be of tlie vertical type, and 
""specially adapted for cutting mortises in carriage soles 
and headstocks. It should be capable of carrying timber 
not less than 15 in. square, and cutting a mortise 2J in. 
wide. The column and bed of machine should be a cored 
casting, made in one piece, with extended base-plate, and 
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of heavy section, as the constant stroke of the chisel in 
hard wood sets up a considerable amount of jar and 
vibration, which it is very necessary should be overcome. 
A separate vertical boring spindle should be provided of 
sufficient range to reach the bottom of the deepest mor- 
tise, the centre of the boring bit being exactly in a line 
with the centre of the chisel, so that after a clearance 
hole has been bored in the wood it has only to be moved 
laterally to bring it directly under the chisel's action. 
Although the machine is somewhat more complicated, we 
are in favour of the chisel being arranged with a graduated 
stroke, and not, as in some machines, with a positive 
blow — that is the chisel being allowed to plunge; into the 
wood the full depth of the mortise at the lirst strrfk?, 
thus, in hard wood especially, causing an undue strain on 
the machine, breakage to chisels, and other evils. Occa- 
sionally the boring spindle of these machines is amused 
with a self-acting horizontal traverse motion for milking 
slot mortises, and for recessing purposes, and this will be 
found an extremely useful addition. In heavy mortising 
machines we prefer the chisel to be driven from the base 
of the machine, as it will be found much steadier in work, 
and more compact than the American plan of placing the 
driving crank and pulleys at the top of the machine 
column. As regards the best form of mortise chisel con- 
siderable difference of opinion exists. We have for soit 
wood mortising found a solid cast steel chisel, tapered 
on back and sides, and w r itli or without a serrated back, 
answer’ extremely well. Less trouble is found in remov- 
ing the core when a serrated -backed chisel is used, as a 
greater part of it is withdrawn at each stroke of the 
chisel. For hard wood, Wood's patent chisel is a very 
good one. This chisel is forged with flanges on the back, 
and these, instead of being made parallel, as has hitherto 



RAILWAY CARRIAGE WORKS , ETC. 41 

been the case, are tapered outwards from the nose of the 
chisel upwards, thus allowing clearance for the wood as 
it is cut at each stroke of the chisel. In sharpening 
these chisels it is important that the angle of the side 
flanges is not altered, and the points should be kept at 
the same projection. 

No. 19 represents a horizontal slot mortising and 
boring machine. For heavy, rough mortising it will be 
found very valuable, especially for hard woods ; in this 
machine a round-ended mortise is formed by a revolving, 
routing tool, working horizontally. The table carrying 
the wood is arranged with a self-acting lateral motion, 
and suitable stops regulate the length and depth of the 
mortise ; it can also be used for recessing purposes, and 
the power required to •drive is small. This type of 
machine is much used on the Continent. 

No. 20 is a vertical multiple boring machine; it should 
be arranged with at least three different boring spindles, 
to avoid as much as possible the necessity of constantly 
changing boring bits for the different-sized holes found 
in the soles and other parts of carriages and trucks. It 
will be found convenient to mount the various boring 
spindles in a slide arranged with a lateral traverse 
motion over the timber to be bored. The spindles should 
have a vertical motion of about 18 in., and be fitted with 
collars or other arrangement to gauge the depths being 
bored. As liead-stocks, soles, and many of the pieces of 
timber used in railway works are heavy to move under 
"•the boring bits, it will be found an improvement to fit to 
theTtable a series of rollers/ over which the timber can 
be pushed ; at the same time stops or cramps should be 
fitted to keep the timber from rising whilst being bored. 
The rollers carrying the timber may by means of spur 
gearing be made to revolve in either direction, and the 
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wood may thus more rapidly be brought under the action 
of the bits. The author has found a modified form of 
the American screw auger superior to any other boring 
bit he has used. The driving pulleys should be of 
different diameters, so as to give a uniform cutting speed 
to the boring bits. 

Very useful tools for carriage works are sand-papering 
machines (No. 22), especially for preparing panels, &c., 
for paint or varnish. For fiat, plain surfaces a machine 
arranged after the manner of a panel-planer is very rapid 
and serviceable. In this machine the wood is passed 
through by a pair of plain feed rollers, and a drum 
covered with sand -paper revolves at a high speed below 
it. This plan effects a large saving over hand labour* 
and the work turned out is better and more uniform. 

No. 30 represents another form of sand-papering 
machine that can be hung from a wall bracket or y<*st, 
or from a separate cast iron column. In this machine 
the work is performed by a disc, covered with sand- 
paper, which is made to revolve at a suitable speed, by 
means of a number of flexible arms or elbow-joints. 
The disc can be moved in any desired direction by the 
workman, the wood being placed on a table beneath it. 
The disc is made adjustable to different thicknesses of 
wood by means of a hand wheel and screw. A small 
exhaust fan is usually attached to the block which carries 
the sand-paper disc, and rapidly removes all dust from 
the face of the work, and the operator is thus able to see 
at a glance when the right amount of finish is •■obtained. 
For short pieces or irregular* work it is necessary to pass 
them over a plain revolving drum or endless band covered 
with sand-paper or a composition. 

No. 29 is a double-spindle irregular moulding and 
shaping machine, which will be found a most useful tool 
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in railway, carriage works for moulding the cornices and 
headings in carriages, seat arms, window sashes, door 
frames, &c. 

Although the machines for the manufacture of wood- 
work for the permanent way are not shown on the plan, 
it may be as well to notice them briefly here. 

The circular saw bench for sawing sleepers is best 
arranged with an endless chain feed ; it should be fitted 
to carry two saws, if desired, for double edging boards as 
well as for sawing sleepers. The timber is brought up 
to the saw by means of moveable dogs, which fit in the 
links of an endless pitch chain, which is made to revolve 
over corresponding drums mounted at either end of the 
bench.* The best plan for sawing, adzing, and boring 
sleepers with which we are acquainted ma} T be briefly 
described as follows : — Endless belis carry the wood 
betweep uprights the width of the rough sleeper to be 
prepared, six circular saws are erected, under which the 
belts carry the sleepers, the two outer saws cut the 
sleepers to the length required, whilst the other four saws 
are set in pairs, and in the proper position for making 
cuts to a certain depth in the sleeper, between which 
cuts the wood is to be removed for the chairs to be 
seated. The belts then carry the sleepers under the 
adzes, or sets of cutters, which revolve horizontally, 
whereby the wood between the two cuts last mentioned 
is removed, and the seats for the chairs are formed. 
The sleepers thus prepared are carried by the endless 
belts to the «boring # machine, which is arranged to bore 
simultaneously the four necessary holes in the sleepers, 
either vertically or at an angle ; after boring they can be 
delivered from the machine by the belts. 

The operation of the axe and hammer handle dressing 
machine is sufficiently well known ; we may add, how- 
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ever, we prefer the plan of dressing tlie wood across the 
grain in preference to with the grain, as, although the 
handles may take rather more buffing or finishing, there 
are less wasters made than by the plan of dressing with 
the grain, as in working awkward or cross-grained wood, 
pieces are apt to be split out by the cutters chiefly when 
the handle is approaching completion. 

Our plan does not show the various additional yards 
and buildings necessary lor carrying on a general railway 
carriage and waggon works : these include— (1) a large 
wood yard traversed by a gantry and overhead traveller 
where the timber is in the rough ; (ii) a department 
where the wood is stacked after being sawn, &c., for 
future use ; (3) stoves and chambers for desiccation? f4) 
creosoting department; (5)* department for preparing 
woodwork connected with permanent way ; (G) forge 
and turning shop. The desiccation of timber, beii*ghere 
somewhat out of our province, we will simply remark 
that it is usually, we believe, desiccated for about 
eighty-four hours, during which time the temperature 
is gradually raised up to 50 ° C. ; and in this process 
woods usually loose from 5 per cent, to 10 per cent, of 
their weight. 

In arranging machines for working wood it is advisable, 
wherever possible, to arrange the heavy machines which 
require the greatest power near to the motor, and the 
lighter machines further away. Care should also be- 
taken to place the driving jmlley of any machine re- 
quiring large power as near as may Jbe coiKcnieiiMtg a 
bearing. Where there are several large machines they 
should not all be set to drive in the same direction, or 
the excessive torsion on the shaft will cause tlic bear- 
ings to deteriorate rapidly. Tramways for bringing the 
wood to and from the various machines should be laid 
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down, and an overhead traveller should traverse at 
least that part of the mill where the log sawing is 
done. 

When the various machines are fixed, arrangements 
should be made that in starting the belt is passed from 
the loose pulley to the tight very gradually, by means of 
a coarse-threaded screw or some similar method, as the 
shock caused by the starting of a heavy machine suddenly 
is very considerable, and is decidedly detrimental to its 
working parts. 
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CHAPTER TV. 1 

MOTIVE POWER FOR SAW-MILLS. -INTERNAL COMBUSTION 
ENGINES. — WATER-POWER. 

The consideration of the power to be employed to 
drive the saw-mill is naturally very important, and one in 
which local conditions, prices of fuel delivered, oftfeg out- 
weigh the technical factors. 

Therefore, a brief consideration will be given in this 
chapter of internal combustion engines (?.e., gas a and oil 
engines) and water-power, in Chapter V. of steafn power, 
and in Chapter XXXI I. of electric motor drives. 

The ordinary gas engine installation saves the cost of 
boilers, boiler house and chimney shaft. Also in operation 
there is an additional saving. There is, however, no steam 
available for drying purposes or heating, and the gas 
engine cannot deal with overloads like a steam plant, 
neither can it burn waste. The gas producer, which is the 
most economical type of fuel producer for thf gas engine, 
is now arranged to consume sawdust, but anthracite peas 
or gas coke are often quite as economical when operators' 
coslts and maintenance are taken into ^consideration. 
About 1 lb. of anthracite *or 1 \ lbs. of coke will giveT brake 
h.p. hour. Taking an engine of 20 b.h.p. as an example, 
under best conditions the fuel costs of the gas engine on 
town gas should be about three and a half to four times 
that of the producer plant and gas engine. 
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The attention required for the producer plant must be 
of a more skilled order, and greater time will be required 
for its upkeep. The oil engine also requires a more skilled 
operator than the gas engine on town gas. 

In order to stand up to the increased pressures now in 
vogue in gas and oil engines of the larger sizes, the cylinder is 
supported throughout its length ; the height of the crank- 
shaft from the ground is much reduced, and in many cases 
it is actually on the ground level ; water jacketing is much 
more fully carried out ; out-end bearings support the 
flywheel, which is a heavy single one, instead of two 
smaller lly wheels. All bearings are provided with ring 
oilers or other adequate form of lubrication, while the 
cylinder is positively lubricated. 

Modem gas engines of reputable make are almost 
standardized in construction and in efficiency. For 
producer work modification is necessary, and it is much 
bett&r to purchase a complete plant from one maker, 
who will in all cases give a full guarantee of performance. 

Although from the j joint of view of popularity the steam 
engine still holds svvav intke saw-mill, undoubtedly the gas 
engine running on producer gas is more economical in opera- 
tion when outside factors do not largely influence the problem. 

Where variation occurs between reputable gas engine 
makers it is usually in the minor details, and, therefore, the 
choice of maker should bo partly based on this consideration. 
First, as regards governing apparatus, this should be 
reasonably sensitive so that the action of cutting out a 
number of machines does not cause racing, and 'buyers 
should insist on having this print demonstrated. Secondly, 
all pins, bushes, cams, and rollers should be hardened to a 
depth of about in. Thirdly, the valve settings should' 
be easily adjustable. Fourthly, the lubrication should be 
foolproof and of a very thorough nature. 
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The principles of the suction gas producer are so simple 
that little change has taken place since the introduction 
of this type of gas generator. 

The casing is lined with fire bricks, and the durability 
of these is an important factor governing the reliability 
of the plant. The type of fuel to be converted into gas 
governs the design of the ash pit; and as both the usual 
anthracite and bituminous coal can be used, as well as 
other types of fuel, such as coke, charcoal, sawdust and 
other saw-mill waste, no definite recommendations can be 
given. 

In small plants the water vaporizer is placed directly 
over the furnace, while in large plants an^ external 
vaporizer is used. The chief point to be observed 
as regards this is the necessity of providing ample, 
means to remove scale and deposit left by the water 
evaporated. 

For plants other than the usual anthracite type the 
scrubber or gas cleaning portion of the plant should be 
verv ample. In the case of a sawdust plant some type 
of fan should be used in addition. Owing to the poisonous 
nature of producer gas. it is essential that the room in 
which the plant is housed has ample ventilation in the 
roof; so that any leakages or accumulation of gas due to 
starting or shutting down can rapidly be disseminated. 
The above notes are written to give a general idea of the 
various factors to be considered when laving down a 
power unit. It is impossible to deal so adequately vith 
the oil engine, owing to the large number^ of types. 
Generally speaking, the oil engine is not so ellicienfc as 
the gas engine. Diesel engines, however, are in a better 
position, and users requiring a power unit of 100 h.p. 
and upwards are advised to give this type the fullest 
consideration. 
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The ftbove are practical details, which, providing that 
the engine is of reasonable design, all tend to keep operating 
and upkeep costs to the minimum. 

Having dealt with the chief technical factors regarding 
the choice of an internal combustion engine, before finally 
making a decision the following commercial points should 
be considered : (1) Cost of engine ; (2) Delivery charges ; 

(3) Foundations necessary ; (4) Cost of erection of engine, 
piping, gas, water, and exhaust, tanks for cooling. 

In considering the operating costs the following items 
should be included: (1) Interest on capital invested; 
(2) Rent ; (.'!) Cost of fuel, lubricating oil and cooling water ; 

(4) Cost of attention ; (5) Renewals and other repairs (say, 

fo% engine, 10 per cent., and building, equipment, &c., 5 per 
cent.). • 

Where sufficient water-power is obtainable, it is un- 
doubtedly the most economical force to employ, and a 
well-constructed water-wlieel or turbine can without doubt 
be worked with far greater economy than steam ; as, how- 
ever, a sufficient head or fall of water is not often to be 
had in a suitable position, at any rate in England, steam 
must be of necessity the power most generally employed. 
Although m Holland and some other countries windmills 
are occasionally used for driving sawing machinery, from 
the comparatively small power obtainable, and from its 
irregular and intermittent action, it is unsuitable for this 
purpose. 

As these pages may fall into the hands of some readers 
— more especially abroad — who may be able to utilize 
water-power, a few notes on tEe different types of water 
wheels may not be out of place. The ordinary vertical 
water wheel is constructed of three types, which are 
known as the undershot, the overshot, and the breast 
wheel. The undershot is the oldest type, but as it 
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receives its motion from the momentum of the water 
employed, and not from its weight, it can only be used 
where there is a large and constant supply of water, with 
a tolerably rapid flow. Where the depth of the water is 
subject to much variation, an undershot wheel is not to 
be recommended, as it is apt to be “ drowned,” or, in 
other words, becomes immersed too deeply, and its whole 
power neutralized. An undershot wheel lias the advan- 
tage of low first cost, and is easy of construction ; but, 
except under especial circumstances of situation of the 
stream or volume of the water supply, an overshot or 
breast wheel is to be preferred, as they, both of them, 
produce a much greater mechanical effect with a much 
less flow of water. • 

• . 

For driving an overshot wheel a considerable fall is 
necessary, and where this can be obtained, and where 
water is scarce, this form of vertical wheel is to be pre- 
ferred to any other, as the water required to produce a 
certain power is very much less. With an overshot wheel 
a fall in the stream of at least one-eiglith more than its 
diameter is necessary. The overshot wheel lias the ad- 
vantage of utilizing both the weight and the momentum. 

The breast wheel, which may be considered a combina- 
tion of the principles embodied in the under and overshot 
wheels, is preferred by many, and is largely used where a 
fair supply of water is obtainable. In the case of breast 
wheels the water is governed by a sluice in the usual 
manner, and is delivered on to the floats slightly below 
the axis of the wheel. The wheel race is byilt so as to 
fit the vn heel, the brickwork running parallel to and 
nearly touching the floats ; thus little or no water is al- 
lowed to escape without acting on the floats and turning 
the wheel. Another advantage in the use of the breast 
wheel is that a wheel of a larger diameter than the height 



MOTIVE POWER FOR SAW-MILLS , . 


of the # fall may be used, and, should floods occur, the 
back-water has a much less retarding effect on it than on 
the other forms of vertical wheels, and surplus water is 
more easily received and got rid of. 

In selecting or constructing a water wheel the especial 
exigencies of the site, the velocity of the flow of water, 
the power and the speed required, must always be borne 
in mind, as the type of wheel that may suit one case 
may not suit another, and much disappointment may 
be avoided by having a wheel as far as possible adapted 
and proportioned to the requirements of each separate 
case. 

It is important that the type, height, shape, and width 
of the wheel are w^ell adapted for the work required. 
Should a considerable speed be necessary, such as in 
driving sawing machinery, a smaller wheel with wide 
floats should be used ; if a moderate or slow rate of speed 
is alf that is necessary, the width of the wheel must be 
reduced and the diameter increased. All intermediate 
toothed and other gearing to increase speed should be 
avoided as much as possible, as the friction thus 
caused reduces considerably the effective power of the 
wheel. 

As regards the power given out by the three types of 
wheels, the palm must be given to the overshot wheel, 
which is estimated to give from 60 to 80 per cent, of the 
theoretical power ; next comes the breast wheel, which 
gives 45 to 50 per cent. ; and lastly undershot wheels, 
which give jrom 27 to 30 per cent. In calculating for the 
size and power of a wheel great care must be taken in 
measuring the height of the fall and volume of the water 
available in summer and winter ; 750 lbs. weight, or a 
flow of 12 cubic feet of w r ater per second, is considered 
equal to 1 h.-p. for each foot in height of its fall. As 
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regards the speed at which water wheels should run to 
secure the greatest efficiency opinions differ somewhat ; 
about 6 ft. per second at the periphery may, however, be 
taken as a safe speed for breast wheels, and for undershot 
wheels about one -half the speed of the stream utilized. 

To ascertain (approximately) the quantity of water 
flowing through a sluice or penstock, to determine the 
power of a water wheel : — 

Buie . — 'Measure the depth from the surface of the water to the centre 
of the orifice of discharge, in feet, and extract the square root of that 
depth ; multiply it by 0*4, which will give the velocity in feet per 
secoi d, and this multiplied by the area of the orifice (also in feet) will 
give the number of cubic foot which will flow through in a second. 
From knowing the quantity of water discharged and the height of fall, 
not only the size of the wheel, but its power, may be calculated. In the 
under-shot wheel the power is to the elTeet neatly as 3 to 1, while in the 
over-shot wheel it is double, or as 3 to 2.* 


Where a small fall of water only can be had, the hori- 
zontal water wheel or turbine has several advantages, and 
is coming gradually more mto use. Turbines have the 
advantage over vertical water wheels of a lower tirst cost; 
they also run at a higher speed, obviating, as a rule, the 
use of much intermediate gearing; they also have the 
additional advantage of being capable of being used where 
there is a very low fall of water — say from one foot. 
Turbines may be divided into two chief classes — outward 
and inward flow. In the former the water flows in at the 
centre of the wheel; and is discharged at the circum- 
ference, and in the latter this operation is reversed ; there 
are, however, several modifications of these systems, in- 
cluding the parallel flow, and another, considerably used 
in France, is arranged so that the water flows into the 
wheel from above, and passes through it. Turbines are 
constructed of two types, which are known as the high 
and low pressure; that is, in the former case a small 
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quantity of water with a high fall, and in the latter a 
greater quantity of water with a small or low fall, acts on 
the wheel. As in the case of vertical water wheels, in 
the economical use of turbines much depends on their 
exact adaptation to the stream and site where they are 
employed, and in every case these points should be care- 
fully studied and the turbine constructed accordingly, a 
considerable margin in the power required being allowed 
in all cases for any insufficiency in the water supply that 
may occur. The introduction into general use of the 
turbine has been considerably retarded by these points 
not being borne in mind, and by the construction of a 
liuipbcr of wheels of exactly the same pattern, whether 
they met the requirements of the case or not, when a few 
simple modifications might have secured a far higher 
practical result. For instance, the curvature of the fixed 
partitions and floats that may in one case be suitable, 
may in another b^ increased or diminished with a decided 
gain in effect. The number and size of them also should 
be varied according to the water supply. 

A well-designed and constructed turbine can be worked 
with great economy, and being fixed beneath the surface 
of the water may be used in flood- times ; it also gives a 
motion of greater uniformity than is obtainable from 
vertical water wheels. The buckets are usually con- 
structed in sections, which may be shut off as desired. 
Should the supply of water or the power required be 
limited, only water in ratio to the power wanted need be 
used. Thchdmission to the wljeel of the quantity of water 
in ratio to the power desired, and also a fixed rate of speed, 
can be secured b} r the use of governor gear of a somewhat 
similar type to that usually used on a steam engine. 

In some wheels of recent construction the ordinary 
footstep bearings which support the vertical shaft of the 
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turbine, and which are usually constructed of ligmunvitse, 
have been much modified and improved : the wheel is also 
hung from the top ; thus less trouble is caused by the 
excess of friction on the footstep bearing from the weight 
of the wheel. When the wheel is thus hung or balanced 
the vertical shaft is kept in its place at the base by a 
bearing fitted in the guide piece. Some prefer to make 
the base of the vertical shaft hollow, and to run it on a 
fixed centre, but this plan requires careful fitting and 
constant lubrication. 

Should a turbine be employed, a screen to catch weeds, 
leaves, &c., should be erected in the flow, as this form of 
wheel, especially the smaller sizes, is apt to got choked, 
and the blades or buckets are occasionally broken. When 
the fall is a high one, and consequently the turbine of 
small size, it will be found Advantageous to enclose it in 
a cast-iron chamber and conduct the water to it though 
a pipe. 

A turbine known as the Jonval is used considerably on 
the Continent. In this form of turbine the water is ad- 
mitted through a supply pipe, and enters the turbine 
parallel with the vertical driving shaft. After passing 
through the buckets or vanes of the wheel it passes away 
through a tail water pipe ; the power is regulated by 
opening or closing the water-guide passages. 

Another very useful form of turbine is the Vortex, the 
invention of Professor James Thomson. In this turbine 
the w$ter is admitted at the periphery, and passes out at 
the centre of the wheel, the exact opposite of the outward- 
flow type. It is claimed for the Vortex wheel that by its 
use a more regular speed can be secured, as the whirling 
motion produced on the water whilst driving the wheel is 
gradually subdued, and the water passes away in a steady, 
even stream. The whirling water also acts as a governor 
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or regulator of the water supply, as should the load be 
taken off the wheel, and the speed therefore increased, 
the excessive whirl or motion produced on the water 
retards considerably the entrance of fresh water. There- 
fore the speed developed is not usually excessive, but 
should a heavier load be placed on the turbine the whirl- 
ing motion — consequent on the slower speed — produced 
on the water is less, and therefore a larger supply of water 
is allowed to enter. 

In America, the type known as the Francis has for long 
proved very satisfactory for high-speed work, and has now 
been largely adopted on the Continent. 

The most difficult part of a turbine to keep in order is 
t}je‘ footstep or pivot bearing, especially if heavily loaded ; 
this difficulty lias in a great measure been removed by 
the invention of a hydraulic bearing, consisting of a pair 
of recessed cast iron plates, one of which is fixed on the 
floo? of the mill race, and the other on the bottom of the 
hollow part of the shaft. Water is introduced by means 
of a pipe between these plates, and supports or cushions 
the vertical shaft which carries the wheel. This form 
of turbine should in all cases have fitted in its lower 
chamber a mud valve, which enables any accumulation of 
debris to be blown out by the pressure of the head water 
without stopping the wheel. 

In calculating the power required from a turbine, a 
considerable margin must be allowed ; on a well-designed 
and constructed machine about 25 per cent, for loss 
through the friction of the water on the buckets, &c., of 
the turbine, and friction ofl the bearings. This loss 
through friction is necessarily greater where the flow of 
water is very rapid, or where there is any eddy or cross 
flow of the water, which is occasionally the case when the 
turbine is fixed in the bed of a river. 
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Before concluding our notes on turbines we may 
remark that strength, compactness, and simplicity of 
details, with economy of water and maintenance, are the 
chief points to be desired in a turbine, and the working 
parts of the wheel should be easily accessible for repairs 
or adjustment. 

Great care should alwa} r s be taken in measuring and 
estimating the water supply available both in winter and 
summer. In small streams the best plan for calculating 
the supply is to dam the stream across with a large board, 
and cut from the board a rectangular piece, not exceeding 
two-thirds of the width of tin* stream, and ol siilUcient 
depth to allow all the water to be- measured^ to pass. 
Bevel oil' the wood over which the water passes towards 
the direction in which it tlow.s. driw* a square-lopped 
stake into the hod of the stream from the cross board or 
dam. mate the top of this wood exactly level with, the 
crest of the hoard over which tlie water flows; now 
measure exactly, by means of a square, the depth of the 
water above the stake driven in, and this will give the 
true depth of the water upon the crest of the board or 
dam. The board used must be of sufficient width to dam 
the stream to a dead level before it passes the dam or 
weir. A fall of not less than six inches should he given 
to the water by tlie dam, measured from the crest over 
which it passes. 

In larger streams, where the water is too deep to 
measure by dam or weir, the plan usually pursued is to 
gauge’ by means of a float. In the first place, the dis- 
tance between the two fixed points in the stream, where 
the water runs evenly and smoothly, should he accurately 
measured. If no points are convenient for measure- 
ment, drive in two stakes, say 20 ft. apart, lake a 
float and attach to it a weight that will sink it, say a foot 
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under the surface of water; now take accurately the time 
the float takes in travelling from one fixed point to the 
other, repealing the experiment several times to avoid 
mistakes. The average velocity or flow of the stream 
per minute can thus he easily calculated. Now measure 
as accurately as possible the depth of the stream in 
several places, and strike an average width of the stream. 
With these figures the cubic feet of water passing per 
minute, and the estimated number of liorse-power can 
be obtained without much difficulty. In fixing tur- 
bines in a water race, care should be taken that ample 
space both in depth and width is provided for the 
easy discharge of the water from the wheel. If the 
bgtiom is at all soft or muddy, it should be provided 
with mud-cells, lined either with masonry, concrete, or 
timber. 

When there is a surplus of water the discharge pit 
should be of extra depth, to avoid any back-lash on the 
wheel, which has a retarding effect on its performance. 
The pit should extend at least 3 ft. beyond the periphery 
of the wheel towards the tail race, and may be gradually 
sloped up to it. The timber framing which supports the 
wheel mast be of ample strength and well stayed, to 
prevent its springing when in work, as the strain upon 
it by large wheels is very great. Should it be allowed 
to spring, the wheel and shafts will probably be thrown 
out of the vertical line, and the useful effect produced 
from the wheel considerably lessened, and the cross shaft 
will not riyi properly. Hard timber should be used for 
the framing, and* great care must be taken with the joint- 
ing; flooring timber should run in the direction of the 
stream, and be level with the tail water when at rest. 
The face of the staging or masonry to receive the wheel 
should be dressed to a dead level. 
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A point of considerable importance in the effective 
working of the turbines is the construction of the races 
for bringing the water to and carrying it from the wheel. 
Abrupt turns or elbows must be avoided as far as pos- 
sible, as they break the regular and even flow of the 
water, and reduce its working power. The tail race 
should be of equal capacity to the head race. Stilwell 
calculates that for every 85 cubic feet of water used by 
the wheel per minute there should be one square foot in 
cross section in all the water passages leading to and 
from the wheel, including the opening under the pen- 
stock, through which the water passes after leaving the 
wheel. As far as our experience extends we think the 
above area much too confined, and should give at tejnst 
25 per cent, more, as a steadier and more even flow of 
water can be obtained, and the eddying and rushing of 
the water that a confined space brings about is con- 
siderably lessened. In constructing races we take the 
great point to be how the volume of water can be 
brought to and from the wheel with the least possible 
amount of friction, and the better this is done the 
greater will be the efficiency of the wheel. The speed 
of the water as it enters the wheel should not exceed 
a velocity of about 15 in. per second. If this speed is 
exceeded the friction becomes very excessive, and the 
working parts of the wheel rapidly deteriorate. As in 
all other machinery, the bearings of turbines should 
be carefully looked to. They should be set u dead 
true,* 1 and adjusted or renewed as worn. Should they 
be allowed to get out of Order, the friction of the shaft 
is much increased, and, therefore, the effective power of 
the wheel is lessened. 

Residents abroad, when seeking information or quota- 
tions from manufacturers, should in all cases give the 
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following particulars : — 1, what actual power is required ; 

2, what kind of machinery the wheel is required to drive ; 

3, what speed the main shaft is to run at ; 4, the exact 
hill in feet and inches from the surface of the head water 
to the surface of the tail water available to drive the 
turbine, and to what extent it is affected by drought or 
floods ; 5, how many gallons or cubic feet of water the 
fall will yield per minute ; 6, rough sketch of site, if 
much sand in water, and nature of soil of bed of stream ; 
7, the length of pipe (if any) required to convey the water 
(a li.-p. is considered equivalent to 33,000 lbs., raised 
1 ft. per minute) ; 8, it should also be stated whether 
the blades .of the wheel are required to run from left to 
right or from right to left, or, in other words, whether 
the wheel is required to run with the sun or against the 
sun. 


Table for Kectangulau Weirs. 
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Depth on 
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i 

i 
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0-97 
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2 

M4 
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3 
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2-78 
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3-0(5 

4 
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3-53 
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h 

4-ni 

4-CvS 

4-85 
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6*38 
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5-74 

<; 
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0*10 

IK 

0*49 
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707 

7-27 

7 
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7*07 

7-S7 

8-07 

8-28 

8-49 

8-70 

8-91 

S 

912 

9-83 

955 

9-77 

9- 99 

10-21 

1013 

10-00 

a 

10*88 

11-11 

11-34 

11-57 

11-80 

1201 

12-27 

12-51 

10 

12-75 

1315 

13*23 

13-47 

13-72 

13-9(5 

14-21 

14-4(5 

ii 

14-71 

14-9(5 1 

15-21 

15-40 

15-72 

15-98 

1(5-24 

•10*49 

12 

it; vc 

17-02 1 

17-28 

17-55 

17-82 

18-08 

18-35 

18*62 

13 

18-89 

19-17 

19-44 

19-72 

20-00 

20-27 

20-50 

20-83 

14 

21*12 

21-40 

2 1 -(58 

21*97 

22-2(5 

22-55 

22-83 

23-13 

15 

23-42 

23-71 | 

24-01 

24 30 
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2519 

25-50 

1C 

25-80 
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2(5-71 

27 02 

27-32 

27-03 

27-94 

17 

28*2(5 

28-57 1 

28-88 

29 19 
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29-83 

30-14 

30-40 

18 


31-11 

31*43 

3175 

3207 

32-40 

32-73 

3305 
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As likely to prove of service to our readers, we 
append herewith a table for weirs recently calculated 
by Mr. Stilwell, of Dayton, U.S.A., an engineer of 
considerable experience in this class of work. 

The above table for weirs gives the number of cubic 
feet per minute that will pass over a weir 1 in. wide, and 
from 1 in. to 18-J- in. deep. In the left-hand column, 
marked “inches depth on weir,” is the depth of water 
flowing over the weir; and in the second column, under 0, 
is the number of cubic feet per minute for the even 
inches in depth. In the third column, under is the 
amount of the second column, with the additional amount 
due to the additional £ in. in depth added, and sj» on 
across the the table from left, to right. By multiplying 
the number of cubic feet that one inch in width will 
discharge, as stated in table, by the width of the weir in 
inches, the result will be the total discharge of weir per 
minute. The depth of the weir should be measured at 
a point just back of where the curve on the surface of 
the water commences* 
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CHAPTER V. 

MOTIVE POWER FOR SAW-MILLS. — STEAM POWER. 

The author is of opinion that for driving wood- 
working machinery, except under certain special con- 
ditions, thfc most economical and convenient form of 
steam engine to employ is the horizontal high pressure, 
or where a low first cost is* not an object we can strongly 
recommend a. compound horizontal engine arranged 
with "high and low-pressure cylinders, the economy in 
this system being due to the fact that a high pressure 
of steam for this class of engine is used in the high- 
pressure cylinder — from 100 to 150 lbs. or more per 
square inch — which is afterwards expanded down to a 
low working pressure in the low-pressure cylinder. This 
arrangement also obviates the use of more or less 
intricate expansion gear. 

So much having been done in that direction, it would 
be out of our province to write at length on the economy 
of the steam engine, but we take it that an engine for this 
class of work, to be really satisfactory, should combine in 
its construction the following .points : * — (1) a stroke of 
twice the diameter of the cylinder, (2) an efficient con- 
denser, (3) an automatic expansion slide, controlled by 
sensitive governor gear, (4) a steam-jacketed and lagged 
* Sec 14 Wood-working Machinery, its rise.” &c. 
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cylinder, (5) short steam ways, (6) ample bearing surfaces 
well fitted and lubricated, and an efficient method of 
packing, (7) large cylinder area, (8) a fly-wheel of large 
diameter and extra heavy section. 

Some of our learned theoretical friends may possibly 
object to several of these premises. If so the author can 
show them engines constructed on these lines performing 
constant and heavy saw-mill work with the greatest regu- 
larity, and with high results as regards economy. These 
engines are arranged to cut off steam early, and expand it 
for the rest of the stroke. The author does not consider a 
condenser necessary or advisable under all circumstances. 

In large engines for driving saw-mill machinery, in 
order to ensure steadiness in running, automatic expansion 
gear is especially useful, as tl^e variation in load is o*ten 
very great when large circular saws, &c., are stopped and 
started. We do not care for very high-speeded engines, 
although it has been somewhat the fashion to use them 
of late ; if employed, the momentum of the reciprocating 
parts should be balanced to relieve the shaft from exces- 
sive shock. In these engines, which should work expan- 
sively, the bearing surfaces should be of longer area than 
in slower running engines, and the workmanship must be 
of the first order, or they will be found to deteriorate 
rapidly. 

For saw-mill work the author prefers the bed-plate of 
the engine to be on the double girder box plan, and to 
extend beyond the cylinder, which should be mounted on 
it. 'If a pair of engines are used it will be fpund well to 
have one large fly-wheel # for the two engines, placing it 
between them, with an extra pulley for driving the main 
shafting. We do not in large engines care to drive 
directly from the fly-wheel. If attached to the engine the 
pump should be driven from the crank shaft by a separate 
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excentnc, and not from the motion blocks or slide rod. 
The engine when working up to its full power should be 
free from vibration. 

As a guide to intending purchasers the author appends 
a short pro forma specification of an engine of the type 
he has found best suited for saw-mill purposes. 

A high-pressure horizontal steam engine (25 h.-p.), 
mounted on double girder box bed-plate, planed on top 
and sides, and to extend beyond cylinder ; cjdinder 16 in. 
diameter by 32 in. stroke ; revolutions 70 per minute. 
Fly-wheel 10 ft. 6 in. diameter by 14 in. on face, turned 
bright. Crank shaft 6 ft. 6 in. long by 5f in. diameter, 
of best fagoted scrap iron. Engine to be fitted with auto- 
matic expansion slide controlled by sensitive high-speed 
governor gear. The cylinder to be made of best hard, 
cold blast iron, to be steam jacketed, and with steam 
chest to be felted and lagged. Connecting rod, slide, and 
pump rods to be of best fagoted scrap iron, and the piston 
rod, pins, keys, &c., of steel. All pins, joints, &c., sub- 
ject to special wear to be case-hardened. All glands to 
be bushed with gun metal, valves, and plunger of pump 
to be of gun metal. All journal bearings to be of gun 
metal and of extra area, to be made adjustable for wear, 
and efficient means of lubrication to be secured, excentric 
t* traps to be of gun metal made adjustable for wear. 
Crank-shaft to be fitted with an outside bearing, and the 
fly-wheel not to weigh less than 2J tons. All usual parts 
to be finished bright. Feed pump to be driven from 
crank shaft by a separate excentric. Cylinder to be 
fitted with automatic steam tallow cup, and all bearings 
with brass needle lubricators. Connecting rod and ends 
to be made adjustable for wear, and fitted with straps and 
keys. Engine to be fitted with double-motion bars, and 
blocks made adjustable for wear. Stop and starting 
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valve to be provided, and so arranged that access can be 
had to the throttle valve without disturbing the steam 
pipe. An extra driving pulley to be fitted to crank shaft. 

In small establishments, where much power is not 
required, or where space is of great value, vertical com- 
bined engines and boilers are often employed ; in these 
all working parts of the engine should be made totally 
independent of the boiler, as the constant strain of the 
engine produces an injurious strain on the boiler, and 
from the expansion and contraction of the boiler the 
proper working of the valves of the engine is also inter- 
fered with. 

For forest or contractor’s use, where it is necessary to 
move from place to place, the most useful form of engine 
is the portable. This engine is too well known to need 
much description. The fire-box should be made of Low- 
moor, or equal brand of iron, and strongly stayed, and 
the fire-grate surface should be of increased area, to allow 
of sawdust and other waste fuel being burnt, as well as 
coal and coke. A plan of cleaning the boiler tubes 
from soot, &c., by means of steam, has also been intro- 
duced. By the admission of a powerful jet of steam into 
the chimney, a partial vacuum is formed, which draws the 
soot from the tubes into the smoke-box. When it is 
necessary to get up steam in a very short space of time, 
this steam jet can be utilized in the same way to produce 
an increased draught. Where fuel is scarce, variable 
expansion gear can be fitted to these engines with advan- 
tage;* the expansion apparatus can be adjusted to give 
the amount of power necessary and no more, and the 
full capacity of an engine need not be used unless it is 
required for actual work in progress ; thus a 10-liorse 
engine may, if required, be worked as a 5-horse, with a 
corresponding saving in fuel. 
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In countries where fuel is expensive it is important 
that every effort should be made to economize steam, and 
a condenser is often employed. This consists of a vessel 
usually placed behind the cylinder, and in a direct line 
with it. As some of our readers may be unacquainted 
with the action of a condenser, it may be as well to 
explain it briefly. After each stroke of the piston the 
steam passes through the exhaust port into the con- 
denser; the condenser is surrounded by a stream of cold 
water, and another jet is in constant circulation in its 
interior; the steam coming into contact with the cold 
water or with the surface of the tubes with which the con- 
denser is fitted is itself immediately condensed or reduced 
\ • 

to ^ T atcr. In working the condenser a pump is employed, 
which removes the water, and air from the condenser, 
keeping up a vacuum which is necessary to its economical 
operation; and much of the steam usually wasted is 
economized. An additional advantage gained by the use 
of a condenser is that a vacuum is formed behind the 
piston, and it is relieved of back pressure, and conse- 
quently gains an increase in power, and therefore econo- 
mises fuel. The water made hot by the condensation of 
the steam can, of course, be used to feed the boiler ; 
hence a second saving arises. As we intend elsewhere to 
give a few notes as to the economical management of 
engines and boilers, we will now consider the best form of 
boiler for saw-mill purposes. 

The types of steam boilers at present in use are almost 
endless, and ^f late years so great has been the desire to 
produce something new in the means employed for gene- 
rating steam, that what Fairbairn calls the very essence 
of constructive science is often neglected, and the distri- 
bution of the material and form best calculated to ensure 
the maximum strength with the minimum amount of com- 
plication is almost entirely lost sight of. 
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The selection and proper working of a boiler, it being 
the instrument which generates the motive power, must be 
held to be even of greater moment than the selection of 
the engine employed, which only transmits the power ; it 
is therefore a point of the highest importance that a boiler 
best suited to each individual trade or manufacture should 
be chosen, as, for instance, the boiler that would best 
suit a printer would not suit a saw-mill. In select- 
ing a boiler the chief points to be borne in mind are what 
kind of water and fuel will it be necessary to use ? in fact, 
the water should in all cases be tested, and if found to 
contain a large percentage of sulphate of lime, or 
iron, or acid sulphates, no one would dreanj in sych a 
case of employing a locomotive or complicated form of 
boiler difficult to clean, no matter what other advantages 
may be claimed for it. 

The author prefers, at any rate for saw-mills pf any 
magnitude, and taking all circumstances into considera- 
tion, a Cornish or Lancashire boiler with cross-tubes, 
which is to be preferred for saw-mill purposes on the 
score of durability, and on the whole economy, as it is 
easily cleaned, repaired, and managed, which is an im- 
portant consideration especially in remote districts where 
skilled labour is not always obtainable. We strongly 
recommend the use of coned cross -1 ubc*s, as the heating 
surface is increased and the circulati >11 of the water im- 
proved, at the same time the stiain on the joints from 
unequal expansion is reduced. The tubes should be con- 
structed of plates of somewhat thinner gauge than the 
rest of the boiler, so as to enable the heat to pass into the 
water more readily. The tubes should be arranged so 
that the heat from the fire is distributed as much as pos- 
sible, as should it be allowed a clear space it is carried 
rapidly by the draught into the chimney stack, and much 
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of its power is lost. In Galloway cross-tube boilers of 
recent construction it has become the practice so to fix 
the tubes that they are nearer together at their lower than 
their upper ends, with the object of increasing the 
strength of the back flue. 

We need not here dwell on the extremely short-sighted 
policy of employing an engine and boiler of a low class, 
and would strongly recommend users not to be tempted 
by a veiy low first cost, as they will find it — often to their 
detriment — impossible to purchase a good and useful engine 
and boiler without paying a fair price for the design, 
woi kmanship, and materials embodied therein. 

TJie author appends a short specification of 30 li.-p. 
boiler suitable for saw-mill work. An improved double- 
fluecl Cornish or Lancashire boiler, fitted with Galloway 
cross-tubes. Length of boiler, 28 ft. ; diameter of boiler, 
6ft. 6in.; diameter of flues, 2ft. 3 in.; thickness of cir- 
cular plates, Jin.; thickness of end plates, fin.; thick- 
ness of flue plates, fin.; furnace plates of Lownioor 
iron, fin. thick. Ordinary plates to be of Staffordshire 
iron, “best best quality,” boiler to be riveted double on 
the longitudinal seams, all rivets to be subject to a 
hydraulic pressure of 2o tons, ends of boiler to be flanged 
to shell, and supported by gusset stays riveted to double 
angle irons at each end. Manhole door to be fitted with 
compensating ring round mouth. Fire-door to ho ar- 
ranged with air-slides, fire-box, and bars, to he arranged 
for burning sawdust, shavings, &c., as well as coke or 
coal. Boiler flues to he fitted with four Galloway cross- 
tubes, edges of boiler plates to be planed. B >iler to be 
complete with the following fittings — screw-top valve, 
one feed check valve, two safety valves, one loaded with 
weight, and the other with spring balance, steam pressure 
gauge, two glass' water gauges, two gauge cocks, blow-off 
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cock, fire bars, bearers, dead plate and damper, damper 
frame and weight. 

Where the water is pure tbe locomotive or nmltitiibular 
boiler has much to commend it, as if kept clean and well 
attended to steam can be raised both rapidly and econo- 
mically, and a good pressure kept up without much 
trouble. Whore vertical boilers are in use we recommend 
one of the dome type, fitted with cross-tubes, in prefer- 
ence to the ordinary multitubular form, as being more 
easily cleaned and kept in repair, especially should it 
become encrusted with deposit. 

A vertical boiler has recently been introduced which in 
a great degree overcomes the objections found in ^he 
ordinary vertical tubular type. In this boiler a vertical 
cylindrical shell is combined with horizontal flue tubes; 
part of the shell is cut away at each side of the boiler, 
above the fire-box, and tubes are fitted across the boiler : 
the space between the tube plate and the shell oJ* the 
boiler forms the combustion chamber oil the one side and 
the smoke-box on the other; doors are fitted to both 
sides of the tube plates, that on the combustion side 
being lined with firebrick. Ly this arrangement the 
tubes may be easily swept or repaired, and the boiler 
altogether must be pronounced a decided improvement 
upon the ordinary type. We purpose in another chapter to 
give a few notes on the fixing and management of engines 
and boilers. 

A very important matter in working steam boilers is a 
constant water supply; in many cases tfip pump is 
attached to and worked by* the engine, but in large estab- 
lishments we prefer to have a separate pump of simple 
construction, such as the donkey pump. Injectors can 
with careful management be used successfully, but unless 
a skilled boiler attendant is employed, they may be found 
to give some trouble. 
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Feed-water Heaters. 

The author recommends in all cases the use of a feed- 
water heater, as this not only raises the water to a high 
temperature before it enters the boiler, and so saves fuel, 
but it also precipitates many of the impurities contained 
in the water, and prevents them entering the boiler, and, 
in conjunction with a filter, water may be rendered free 
from minerals and acids by heating to a high temperature, 
and filtering whilst hot. Feed- water heaters have not been 
hitherto very largely used, but we take it that as skilled 
bo.\Jer management becomes more and more necessary 
account of economy, they will be rapidly introduced. 
Complicated forms of heaters should he avoided, they 
should be easily cleaned and examined, and any tubes 
employed should be so arranged that they have freedom 
to expand or contract, and have a rapid circulation. The 
tubes should by preference be made of solid drawn copper 
or brass, as they will be found more durable and less 
liable to leakages than wrought iron. We have not yet 
seen tubes of mild steel used for this purpose, hut if 
carefully fitted, we think they should answer well. 

In the production of steam the minerals found in 
impure or “hard” water which give most trouble are 
sulphate of lime, carbonate of lime, magnesia, oxide of 
iron, alumina, and- silica. Dr. Joseph Rogers, an 
authority on the subject of incrustation, says the evil 
effects of s«ale are due to the fact that it is relatively a 
non-conductor of heat. Its conducting power compared 
with that of iron is as 1 to 37*5. The estimated loss of 
heat caused by lime scale is from 15 to 20 per cent, for a 
scale of thickness, which increases rapidly with 

greater thicknesses. The most troublesome of the 
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minerals found in impure water is sulphate of lime, which 
is caused by the combination of oxide of calcium with 
sulphuric acid; carbonate of lime causes also much 
trouble, this is composed of carbolic acid, resulting from 
the decomposition of vegetable or animal matter witli 
lime or oxide of calcium. The combination of these two 
minerals with vegetable matter and mud forms a very 
hard dark scale. Oxide of iron forms a reddish scale, 
and is very injurious to boilers, as it is generally held to 
be one of the agents by which corrosion is set up; 
another and more dangerous one is sulphuric acid, found 
in mining districts, and which often causes rapid corro- 
sion. This can be separated by heat on accpunt of its 
specific gravity, which is T844; to do this the wilder 
requires to be heated to a temperature of at least 260° 
Fahr. 

A good form of feed-water heater with which we are 
acquainted is one (Strong’s patent) in which the water is 
heated to the precipitating point, and a chemical separa- 
tion takes place. In accomplishing this, exhaust steam 
is used up to 208° to 212° Fahr., after which the tempe- 
rature is raised to the precipitating point by means of a 
live steam c oil. After the precipitation the water is filtered 
through wood charcoal or other suitable material, by 
which a mechanical separation of the impurities is 
effected ; the purified water then passes out of the heater 
into the steam space of the boiler. The heater may be 
readily cleaned by a jet of live steam from the boiler. 

In some countries water of extreme softness and purity 
may he found that renders a feed-water heater not abso- 
lutely necessary, but these cases are exceptional, and 
steam users — especially those employing tubular boilers — 
will, we think, find a good feed-water heater effect u con- 
siderable economy in fuel by preventing incrustation, and 
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by utilizing the waste steam and a small amount of 
live steam perfectly pure water may be passed into the 
boiler. 

Efficient heaters have also been introduced by Berry- 
man, Green, Kirkaldy, and others. 
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CHAPTER VI. 

SETTING ENGINE AND BOILER, AND THE PRODUCTION 
OF STEAM. 

In fixing tlie engine care must be taken tlmt it rests 
at a dead level, both laterally and transversely. I'his 
can be ascertained by means of a spirit level and winding 
lath, which can be tried on the motion bars. The bed- 
plate of the engine should be securely fixed on a rigid 
stone or brick foundation. If the latter, three or* more 
courses of hard bricks on a bed of concrete should be 
used. The foundation bolts should pass entirely through 
the brickwork, and be fitted with plates at least 6 m. 
square. They can, if wished, be cemented in their 
jdaces. To lessen the vibration of the engine when in 
work, it will be found a good plan to fix it on a sheet of 
lead, or, failing that, a piece of hardwood placed between 
the foundation plates and the masonry will render the 
bolts less liable to fracture or work loose from any sudden 
strain that may be put upon them. 

The proper setting of the boiler is a matter of far 
greater importance than .the setting of the engine, as 
much of the safety and economy in working depends on 
this being properly done. The boiler or boilers should 
always be arranged so that both internal and external 
examinations can readily be made. The masonry in 
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which th e boiler is set — we arc now speaking of the 
Cornish or Lancashire type — must be good and sound, 
and should in all cases he lined with a course of fire- 
bricks or fireclay. It should also be arranged with a 
return tlue, or Hues, so that the heat should pass com- 
pletely round the boiler before it passes into the chimney 
stack, and be thus utilized to its fullest extent. 
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We give herewith (fig. LI) an illustration of an improyed 
method of setting Cornish or Lancashire boilers. As 
will be seen from the sketch, an almost complete external 
examination of the boiler may be made. Corrosion 
often takes place down the centre of the boiler, which is 
generally made to rest on a brick support or mid-featlier. 
In the plan before us the bottom of the boiler is left 
entirely clear for examination, and corrosion at the 
seams can be easily detected. 
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With the object of retaining as much heat as possible, 
the external flues are often either omitted altogether, or 
made so narrow that it is impossible to make an external 
examination of the boiler without removing the brick- 
work. This is a great mistake, as often external corro- 
sion may be taking p lace to a serious extent, and the 
boiler attendant be entirely ignorant of the fact. Should 
a mid-featlier be used it should not be of greater width 
than is necessary to support the boiler, and small open- 
ings in the brickwork should be made through which the 
boiler seams may be examined. 

The boiler should be set as nearly level as possible ; 
if not, errors may arise as to the condition of the water 
supply, one end of the boiler containing more water tynn 
the other. To secure safety fqoin lire, the boiler should 
be fired from outside the main building, and for con- 
venience sake may be fixed a little below the ground level. 

The top of the boiler should be covered with a good 
non-conducting composition to prevent radiation of heat. 
We have tried, with very satisfactory results, a thick 
covering composed of hair felting, and paper with an 
interior lining of asbestos to prevent charring. We 
have also heard very well spoken of the compositions 
known as slag wool and fossil meal, but cannot from 
our own exjierience give an opinion on them. In lieu 
of anything better, a mixture of cow-dung, hair, and sand 
will be found effective. Whatever is used it should, if 
possible, be put on in secthms, which could be removed 
periodically for inspection of the boiler. TJjese sections 
could be made in light wooden frames, shaped to the 
form of the boiler. 

In all cases the draught to the boiler should be regu- 
lated by a damper, and this, wherever possible, should 
be arranged to work by steam automatically, as it 
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requires no attention and is regular in its action, and 
effects a considerable saving over the old form of slide 
damper worked by hand, as its regular working is often 
neglected by the boiler attendant. The steam damper 
can be arranged to act at any desired pressure of steam, 
and as the fire is automatically damped when that pressure 
is reached, a very considerable saving in fuel is effected. 

An important factor in the economical working of 
boilers is the correct arrangement of the chimney stack, 
so that from a steady and not excessive flow of air an 
equal and steady combustion may be kept up in the 
boiler fire-grate. This is a point that is, we are afraid, 
somewhat neglected, the result being in many cases that 
fuel is burnt to waste, from the excessive area of chimney, 
and consequently excessive, draught, or from insufficient 
area the draught is insuflicient, and the fire consequently 
dull anjl sluggish. A general rule, which must, however, 
be modified according to circumstances, for height of 
chimney stack, &c., is to make the Hues and area of the 
chimney top equal to from 2 to 3 square feet for each 
boiler, having about 30 square feet of fire-grate, the 2 ft. 
area being given for chimneys over 150 ft. high, where 
several boilers are working together. Another common 
rule is to make the flues and area of the chimney top 
equal to from £ to T V> the area of the fire-grate irrespective 
of the height of the chimney. For saw-mills, as far as 
our experience extends, we are inclined to give about 
} the area of the fire-grate as the most suitable size. 
Care must [>e taken, however, that the area of "tiie 
chimney is not excessively largo, or the draught may be 
considerably damaged by downward currents. As a guide 
to our readers, we append herewith a table of dimen- 
sions of boiler chimneys, as calculated by Robert 
Wilson, C.E. ‘ 
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Tabi,e of Dimensions of Chimneys. 

On the basis of the head of outside air being equal to half the height of 
Chimney , and the flues being not much over six 1 imes the length of boiler. 
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When the area at top is given as in fifth and sixth columns, the dimension 
of the side of squaie in a squaie chimney can easily be found by laking 
the square root of the area, or 6ide of square = y/A. and the diariietei for 

a round chimney = ^ 7^7 " 
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The engine should be fixed as near the boiler as may 
be convenient, and all steam pipes should be carefully 
covered, to prevent condensation of the steam in the 
pipes and also freezing in the winter. In lieu of felt or 
anything better, a good substitute may be made by 
encasing the pipes in narrow boxes filled with sawdust. 
If steam lias to be conveyed any distance, say be} f ond 
fifteen or twenty yards, the pipes should be fitted with a 
trap to release the condensed water. The feed water 
should be made to enter the boiler at the end furthest 
from the fire. Avoid if possible fixing the boiler in a 
dark, draughty, or damp situation. 


PnoDucTioy of Steam. 

During the last fifty years great progress has been 
made both in the production and application of steam, 
more especially perhaps in the latter. Sixty years ago 
about 18 lbs. of coal per liorse-power per hour were used, 
and the evaporation was only about 3 lbs. of water for 
each pound of coal, whilst in the present day, with an 
advanced type of engine and boiler, it is no uncommon 
thing to use only 8 to 4 lbs. of coal (best Welsh steam) 
per horse-power per hour, with an evaporation of 8 lbs. of 
water for each pound of coal ; and in marine boilers these 
figures are exceeded. After having secured the best type 
of boiler for the special purpose to which it is to be put, 
and after setting it in the most advantageous maimer, 
the very important question presents itself, which is 
the best way to consume the fuel employed so as to 
ensure perfect combustion, at the same time securing the 
largest possible amount of duty from each ton of fuel 
employed ? 
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The effective combustion of fuel may be said to depend 
chiefly on the following points : — (1) construction of 
the furnace or fire-box, (2) the admission of the right 
quantity of air to the furnace, (3) the proper regulation of 
the draught, (4) regular and even firing. 

With Cornish, Lancashire, and other fixed boilers, it 
has been somewhat the rule to build the furnaces shallow, 
and of too small cubic capacity, with the intention of 
bringing the fire as near the boiler as possible, and thus 
extracting more heat from it; this idea must be held 
to be altogether wrong, as in the confined space the 
draught is much increased, and the heat therefore is 
carried rapidly away; the small size of the. furnace also 
will not allow of the perfect combustion of the various 
gases ; and, lastly, the fire itself comes in direct contact 
with the boiler plates, which should always be avoided. 
In saw-mills where it is often necessary to consume chips, 
sawdust, small coal, &c., the grate area should be one- 
tliird larger than if it were used to burn the best hard 
coal. The admission of the right quantity of air to the 
furnace is a matter of great importance, but one often 
neglected. In the first place care must be taken that 
sufficient air space between the fire-bars is allowed. It 
is impossible, however, to lay down a rule as to what is 
the proper amount of air space to secure the most perfect 
combustion, as much depends on the nature of the fuel 
and the velocity of the draught through the flues; but, 
roughly speaking, for saw-mill purposes an area of from 
5 to' 6 square inches for each square foot of* grate surface 
should be provided. 

The air admitted through the fire-bars is not as a rule 
sufficient to procure efficient combustion, and air is 
usually admitted through the door or bridge of the fur- 
nace ; we are of opinion that the air admitted from the 
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bridge is the most efficacious in promoting combustion 
and preventing smoke. AVe give herewith an illustration 
(fig. 14 ) of a simple method of promoting combustion and 
preventing smoke (Chubb’s patent); its general principles 
or action may be described as follows : — 

The apparatus is designed to lessen the waste of fuel 
consequent on the present manner of arranging furnaces 
of all descriptions in which a large proportion of combus- 



tible substances is thrown out unlmrnt, and not only is 
coal therefore wasted, but a great quantity of smoke is 
produced. The apparatus prevents this by introducing 
currents of air at the back of the fire, from the bridge in 
Lancashire and Cornish boilers, and from other appa- 
ratus in other furnaces. These currents of air, already 
heated by parsing through the ashpit, are directed across 
the to]) of the fire, and across the gases and smoke that, 
are making their escape from the furnace. The effect 
immediately is the more perfect combustion of all these 
gases, smoke, &c., thereby increasing the quantity of heat 
extracted from the fuel, and stopping in a great degree 
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the production of smoke. Tlie effect of this arrangement 
is to secure a proper admixture of atmospheric air and 
oxygen with the carbon of fuel at the relative temperature 
necessary to effect complete combustion. 

When coal in a furnace is in a state of combustion, it 
burns of the carbon it contains only an amount propor- 
tionate to the amount of oxygen that is brought in contact 
with it. In order to enable that combustion to take place, 
the oxygen must be raised to a certain high temperature 
before it will combine with the fluid carbon. If it doe& 
not combine with the fluid carbon, it drives the latter 
before it until it reaches the upper or outside air, and 
descends or disperses in the form of carbonic oxide or 
carbonic acid gas, as the case may be. \Vhcre the 
atmospheric air (or oxygen) i§ admitted to the furnace 
through the front bars of the grate, the velocity of the 
draught is usually such as to drive the atmospheric air 
straight through over the bed of the furnace, and before 
it lias reached a degree of heat high enough to enable it 
to combine with the fluid carbon evolved from the coal, it 
is driven over the fire, and consequently, instead of 
mixing or combining at a proper temperature with the 
fluid carbon, it drives the fluid carbon before it to the 
upper air unmixed and unconsumed. 

By means of this apparatus tlie oxygen is conveyed to 
the fire, not through the front bars, but through the 
bridge arrangement at the back of the furnace. The 
oxygen, in its passage to the bridge, flows under the 
fire-bars, which are of a deep section, and in that way it 
becomes heated, attaining a temperature high enough to 
enable it to combine with the fluid carbon of tlie coal, 
and when thus heated it meets such fluid carbon at the 
bridge ; they instantly combine, the result being that 
every particle of the fluid carbon is consumed in the 



PRODUCTION OF STEAM. fi:‘ 

furnace, instead of being wastefully driven up the 
chimney. 

The object of the small front damper is to allow air 
to enter the air-chamber formed in the firebricks, which 
throws several tongues of air upon the lire. The result 
is that the surface of the fire, when necessary, is rendered 
incandescent by the action of the jets of air. Further, 
when the fire is very black and there is much smoke, the 
action of this front part greatly facilitates the efficacy of 
the other part of the consumer, by circulating the smoke. 
It can be used alone or with the back part. Its use must 
to some extent be at the discretion of the attendant, who 
will soon see howto regulate the draught. 

In # somc countries it is necessary to either burn or 
throw away immense quantities of fuel in the shape of 
sawdust. The burning of sawdust as a fuel in large quan- 
tities is not altogether an easy matter, consequently many 
thousands of tons are annually wasted. Various plans, 
such as burning it in suspension, have been tried with 
more or less success, but these are most of them expen- 
sive to carry out. Our engraving (fig. 15) shows a simple 
form of furnace, several of which have been erected by 
Mr. J. M. Bale, engineer, Milan, at a large railway 
sleeper saw-mill in Italy, and although they are of the 
simplest possible character they have been found very 
efficacious. The furnace is built with bricks clamped 
together with iron bands ; it is constructed with two 
chambers, one above the other, the top one being used 
as a magazine/or the green sawdust, arid the lower one, 
which is lined with firebricks, as a combustion chamber. 
The chambers are divided by a furnace crown of fire- 
brick arranged with numerous small openings, through 
which the sawdust can fall into the combustion chamber, 
which is fitted with iron fire-bars. The top chamber 
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being filled with sawdust, and afire lighted in the fur- 
nace or combustion chamber, the sawdust above becomes 
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The flue of the furnace is arranged to pass directly into 
the fire-box of a tubular boiler, this form of boiler being 
employed here owing to the purity of the water and the 
great cost of coal, which rendered it particularly necessary 
that every effort should be made to economize fuel. The 
draught to the furnace is regulated by a damper and an 
ordinary furnace door. The sawdust is passed into the 
magazine from the top, the furnace being sunk slightly 
into the ground. An opening was made to the magazine 
just over the furnace crown, so that should the sawdust 
become matted at any time it could at once be disturbed 
by the attendant. Although this plan for burning saw- 
dust may appear somewhat primitive, the author can 
vou(Ji for its efficacy. 
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CHAPTER VII, 

IIULES FOR ENGINE DRIVERS AND BOILER ATTENDANTS. 

There are many points with reference to the econo- 
mical combustion of fuel and general management of 
engines and boilers that tlie author would like to touch 
on, but having already issued a small handbook* on the 
subject, he would of necessity be in a measure repeating 
himself, and therefore refers any of his readers interested 
in tlie subject to that book ; lie appends, however, ;i series 
of “ Rules for Engine Drivers and Boiler Attendants, ’M 
that he has compiled, which he trusts may be of service, 
more especially where skilled labour is not easily 
attainable. 

Rules for Engine Drivers and Boiler Attendants. 

1. Filling the Boiler.— Fill the boiler with water till it ri^es to tlie 
mark on the gauge glass which shows the wntcr line. 

2. Examine Water-gauge Cocks. — Open the water-gauge cocks and see 
that they arc in order ; if the water does not enter the gunge glass freely 
it must be unscrewed, and a piece of wire passed through the openings 
into the boiler. 

3. Cleaning Tubes, Ac. — Remove all soot from tlie •tubes and smoke- 
box, and clear the fire-bars and ash pan of clinkers. 

4. Lighting the Fire.— Light the lire, which should be kept blight and 
even, and of a thickness of about 4 in. to Gin. in tubular boileis, and 


• “How to Manage a Steam Engine.” 

4 * Published also mounted on rollers lor engine room. 
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from 10 in. to 12 in. in Cornish or Lancashire boilers, except when there 
is a 3iirplu3 of steam, when a thicker fire may be used. 

5 . Examine Safety Valves. — As llic fire burns up, examine the safety 
valve, and see that it moves freely in its seat, screw down the spring 
balance, or alter the lever so that the valve blows off at 10 lbs. pictsuru. 
Examine also the second safety valve or float, if one is fitted. 

C. Lubrication. — Fill the lubricators with oil, except the cylinder 
lubricator, into which put tallow mixed with a little plumbago powdered 
very fine. Lubricate piston-rod, packing with tallow ; examine excentric, 
and see that the key is tight and the lead of the valve has not been 
accidentally altered. 

7. Examine the Tump. — Open the cylinder cocks to allow any con- 
densed water to escape. Open all the test cocks. Examine the pump 
carefully, especially in frosty weather ; if frozen, melt with hot water. 

«. Examine the Hearings.— Examine systematically and screw up the 
bean igs of the engine, not too tight. If 1 lie engine is connected with 
the shafting to be driven, before stai ting see that tlie shafting is ready 
for woik and properly lubricated. 

9. »Starting the Engine. — Supposing steam to be up to a working 
pressure of 45 lbs. or 50 lbs. per gquare inch, or whatc\cr picture the 
boiler is calculated safely to bear — the safety valve being gradually 
altcied to blow off at intermediate points, say at 20 lbs. and 30 lbs., and 
tin ally ^t GO lbs. per square inch— turn the llv-vhecl of the engine round 
by baud till the crank shaft is at half-centre, and open the cylinder 
cocks. Turn on the starting lever or valve gradually to about one-third 
of its traverse. Steam now enteis the cylinder, and the engine is set in 
motion. When no more water is expelled from the cylinder, close the 
cocks. 

10. Jlegular \dmission of Feed Water. — Do not admit cold water into 
the boiler in large quantities at a time ; keep the pump working regu- 
larly, but widi the admis-ion \alve only partly open. If a feed-water 
heater is not fitted, direct the exhaust steam into the water tank. If the 
water is muddy or very greasy, filter it before using. 

11. Examine Height of Water in the boiler. — Examine height of 
water in the boiler frequently, keep up a level in the gauge glass of not 
less than 2 in. in depth. If the water is of bad quality, and contains a 
l.arge percentage of sulphate of lime or other deleterious substances, blow 
out once a week, and put in every fortnight, with the fresh water, 1 lb. 
of common sodij per lioiso-powu*. If the water contains iron or acid 
sulphates, it must be purified and softened before use. 

12. In Case of Low Water. — In ease of low water, draw the fire im- 
mediately ; or, should the furnace-crown be red hot, cover the fire with 
earth or wet ashes. Do not turn on the feed-water under any circum- 
stances, and let the steam outlets remain as they are. 

13. Priming. — In case of priming, which usually occurs from insufli- 
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ciency of steam space, close the throttle-valve for a short time, find the 
true level of the water, and open the cylinder cocks. If the water level 
is correct, blow off a little occasionally, and add fresh water. Check 
the draught to the boiler also, and damp the fire somewhat. In boilers 
where the steam space is small, great regularity of firing is necessary to 
pi event priming. 

14. lilowing Off. — If steam is blown off under pressure — a practice we 
do not usually recommend — the pressure should never exceed, say, from 
10 to 15 lbs. per square inch. Time should be given to allow the boiler 
to cool before the admission of cold water, as, should this not be done, 
excessive contraction or collapse of the boiler plates will take place, 
which is most injurious. 

15. Howto Test the Tump. — Test the pump occasionally by opening 
the waste tap; if no water is expelled the pump is not woi king, either 
from tlicie not being a vacuum, the packing or joints being out of order, 
t he valves choked with dirt, or the pump hot. lief ore taki ng it to pieces 
place your thumb tightly on the end of the waste tube, allowing the air 
to be discharged from the pump by the inward stroke of the plunger, but 
not allowing any air to re-enter duiing the oulwanl stioke. If thk has 
the dcsiicd effect in setting the pump to work, close the waste tap, and 
the water will be forced into the boiler. If the pump gets hot pour cold 
water on it. If hot watei continually issues fiom the waste cock the 
probability is the check valve nearest, the boiler is choked. In l his case 
the stcain must be blown off and the fire put out, the valve-box cover 
must be taken off, and the dirt or obstruction that prevents the valve 
acting removed. If the suction or delivery valves are choked hut, water 
will not pass through the waste cock; these valves may be examined 
when the engine is working, but should tlie defect not even then be 
discovered, the suction valves, delivery valves, and the packing of the 
plunger must be examined, and the packing renewed; as the pump is 
probably drawing air, screw up and clean the union nut of the suction 
hose, and make another trial. 

1G. Firing the Boiler. — Use good fuel, if possible, for firing the boiler. 
Do not put coal on in large pieces, but break it to about the size of your 
fist. Do not put on a large quantity of fuel at one time, but fire little 
and often. If the fire burn unequally or into holes, level it and fill up 
the \aeant spaces. If anything, the fire should be rather thinnei in the 
centre than at the sides of the fire-box. Do not let the flic get low before 
a fresh supply of fuel is added ; keep the furnace door dosed unless there 
is a surplus of steam. Be careful in regulating the diaught, in the file- 
box or furnace to suit the fuel being consumed. AVe recommend, whcrc- 
ever possible, the use of an automatic steam damper. A good supply of air 
promotes combustion and tends to prevent smoke, in Cornish or Lanca- 
shire boilers, begin to charge the furnace at the bridge, and keep firing 
to within a few inches of the dcndplate. Excessive draught should be 
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avoided, as the heat is carried rapidly away, and sufficient time is not 
given for the combustion of the various gases. Coke requires a more 
rapid draught than coal. The flame of the fire should never come in 
direct contact with the boiler plate above the water line. The flame 
should never be allowed to impinge constantly on one spot, citliei above 
or below the water line. As fire-bars are burnt out renew them ; do not 
wait till the whole sot is worn out. 

17. Prevention of Smoke. — The prevention of smoke is almost entirely 
a matter of careful, regular, and even firing, and the admission of exactly 
the light quantity of air into the fire-box. Furnaces constructed of 
ample area and cubic capacity will burn smoke better than those that 
are confined. A good supply of air admitted from the bridge of the 
furnace aids combustion. . Use a furnace door through which the supply 
of air may be easily regulated, so as to spread, as it were, an even sheet 
of air over the surface of the fire. Alternate firing on each side of the 
furnace has a tendency to prevent smoke. 

IS. liaise Steam Slowly. — Always raise steam slowly, and never press 
a boiler be) olid its capacity. Never under any circumstances wedge 
dow^i or overweight a safety valve. Test all cocks and boiler fittings 
several times during the day. J.ook well to piston gland and pump 
packings, also to the packing of the man and mud holes. Should the 
tubes or boiler plates leak or bulge, or other working parts get seriously 
out of order, obtain at once skilled assistance. 

19. Testing Safety Valves and Prcssuie Gauge. — Test both the safety 
valves at least twice a day ; if about one quarter of an inch of space is 
shown between the valve and its scat for the escape of steam, this is 
usually sufficient. Pressure gauges should also be occasionally tested by 
shutting oil' the steam and letting the pointer run back to zero ; for this 
purpose the cock to the gauge should be avianged to open to the atmo- 
sphere when bhut oil' from the boiler. Clidek also the safety valve 
against the pressure gauge, by altering the former to blow oil at what- 
ever pressme is at that time shown on the pressure gauge. 

20. lleleasmg Condensed Water. — llclcasc the condensed water from 
connection pipes ; examine these very carefully in frosty weather. Keep 
the whole of the engine and boiler neat and clean, the lubricators well 
filled with oil, and all gauges and cocks in the best possible working 
condition. 

21. lieatod Hearings. — If a braiing get hot, cool with water, examine 
caicfully, and, if it knock in working, remove it from its seat, file the 
faces of the bearing slightly, letting them closer together, scrape off 
carefully any roughness, lubricate well, and start again. 

22. Guard the Hearings from Dust. — Guard all bearings as much as 
possible from dust. In the case of a portable engine driving a threshing 
machine fix the engine so that the dust from the corn may be blown in 
a direction contrary .to the wmking parts. 
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23. Covering Boiler. — Have the boiler and steam pipes covered with a 
good non-conducting composition : in order to allow of external exami- 
nation for corrosion, and more easily to detect leakage, the composition 
is best fitted in sections, which should be made movable. If the boilci 
has to work in a very wet situation, paint it with an oxide paint, and 
case it in sheet lead. 

24. Cleaning the Boiler. — To clean the boiler, remove all the covers of 
the mud and man holes ; scrape, or, if there is much hard incrustation, 
chip the interior surface, thoroughly loosening all sediment and dirt. 
Bass a quantity of clean water through the man hole. The pipe by 
which the feed water enters the boiler must also be cleaned periodically, 
and the fusible plug removed and scraped on both sides, or renewed if 
necessary. 

25. Fixing Portable Engines. — Tn the case of portable engines place 

■the fly-wheel exactly in a line with the pulley of the machine io be 
driven. Fix the smoke-box slightly higher than the fire-box end, wedge 
up the wheels, and sec that the engine does not rock in working. Have 
the machine to be diiven fixed at a distance of 25 ft. to *30 ft. trom the 
centre of the crank-shaft to the centre of the pulley driven. 4 

20. Finishing Work. — When work is finished for the day, and the 
water -used is of bad quality, lower the steam down to about K)lbs. 
pressure and blow part of the water from the boiler; this can also be 
done to a small extent with advantage when steam is up by letiing t lie 
water rise slightly above the water le\ el and blowing the surplus through 
the blow-off cock ; a good deal of scum and dirt is thus removed. 

27. Steam Boiler Explosions. — Steam boiler explosions can, as a rule, 
lie set down as arising from one or other of the following causes: — 1. 
Explosions arising fioin excels of pressure above what the boiler is 
calculated safely to bear. 2. Explosions arising from the use of worn- 
out or badly-constructed boilers. 3. Explosions arising from deficiency 
of water, incrustation, or corrosion. 4. Explosions arising from collapse. 
5. Explosions arising from mismanagement or ignorance. 

28. In conclusion, all steam boilers should be regularly and thoroughly 
inspected, both internally and externally, by a competent and unbiased 
pel son. 

As regards the working of traction engines, the directions given under 
the heading “ Buies for Engine Drivers ” will apply equally well to these 
as to most other types of engines. In addition, however, the driver of a 
traction engine should bear the following points in miml : — (J) keep a 
good supply of water in the tank ; (2) disconnect the ti action gear, and 
start the engine under a moderate head of steam, say 25 lbs. pressuie, to 
see that the pump and all working parts are in order ; (3) carefully oil 
all bearings and grease the teeth of the various w heels ; (4) for travel- 
ling get steam up to about 76 lbs. pressure ; ( 5 ) when going down a hill 
the gauge glass should show 1 in. of water, when going up about 4 in. ; 
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(6) in going down hill lock the hind wheels of any vehicle being drawn ; 
use the reversing lever both for shutting off steam and for checking the 
momentum of the engine by admitting steam to the reverse side of the 
pistons. 

In working boilers a false level of water is sometimes shown in the 
water gauge from the partial or wholly closing of the bottom water- 
way by scale or 6cuif. The false w’ater level in many cases may be 
accounted for through the condensation of the steam in the upper 
portion of the glass running down, and being prevented entering the 
boiler by the scale it remains in the gauge glass and thns shows a false 
level. In the winter this condensation is, owing 10 the cold, of course 
more rapid, and especial caie should therefore be taken in constantly 
testing the gauges to see that- they arc quite in order and perfectly clear. 
We can also on large boileis recommend the use of a group of small 
pendant dead w’eiglit safety valves in preference to a single large on*'., and 
these at a given pressure will require a less load, and at tiic same time 
will give a larger lip opening for the escape of steam. 
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CHAPTER VIII. 

ARRANGEMENT OF SHAFTING AND GEARING. 

In the economical management of a saw-mill the proper 
construction and arrangement of the shafting which trans- 
mits the power from the motor to the various ‘machines is 
a matter of great importance, and owing to the high rate 
of speed necessary, and to the severe strain it is con- 
stantly put to, it is perhaps of more importance in a saw- 
mill than in most other manufactories. 

We are afraid the construction of shafting does not 
receive the attention it deserves in this country; this is 
in striking contrast to American practice, which has 
worked out and brought it to a considerable degree oi 
perfection. 

First as regards the speed and size of shafting best 
suited for saw-mill work ; to avoid numerous counter- 
shafts or the putting of driving pulleys of very small 
diameter on the various machines, it is necessary to run 
the main shaft at a moderately high rate of speed : we 
think in a mill for general purposes the first main shaft 
should make 250 revolutions per minute, ff a second or 
third shaft be used to give motion to lighter machines, 
this speed may be increased with advantage to 300 revo- 
lutions per minute, but not above, as a general rule. 
The whole of the shafting should be accurately turned to 
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g&uge, and fitted in bearings having both vertical and 
lateral adjustment, and provided with efficient means of 
lubrication. It will be found a very poor economy to 
employ unturned black shafting ; in fact, we think it the 
reverse of economical. For shafts of small diameter, at 
any rate, we stvongly recommend the use of Bessemer 
steel; in fact, if a slightly increased cost is not an object, 
the whole mill would be better fitted with them. As steel 
shafts are stiffer in work than iron, they may be made of 
somewhat less diameter for the same duty; they will 
also, if sound, be found to run with somewhat less fric- 
tion Ilian iron, which in the quality usually employed for 
shafting is often seamy and unsound. Line shafting is 
subjgctcd to considerable torsional and bending strains, 
more especially, however, iji saw-mills where the speed, 
number of pulleys, and belt tension are excessive. This 
should be borne in mind when calculating the diameter 
of the shafting, and the centres to which the bearings are 
to be fixed. A useful rule for finding the diameter of a 
wrought-iron shaft, capable of transmitting a given horse- 
power, may be stated as follows: — Multiply the given 
liorse-power by 125, and divide the product by the 
number of revolutions per minute, the cube root of the 
quotient will be the diameter in inches. For saw-mill 
shafting an increase in diameter of say 15 per cent, on 
the result thus obtained should be added. 

Hollow shafting lias not, we believe, been much used 
for saw-mill purposes, but, as it possesses strength and 
lightness in marked degree, we purpose shortly giving 
it a trial. 

I 11 arranging shafting in a large mill, the first length 
which receives the power from the prime mover should 
be of greater diameter than the remainder, and the bear- 
ings placed closer together, say, 5 or 6 ft. apart, whilst 8 
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or 9 ft. apart on the ordinary shaft will be sufficient. In 
the case of very large power, a bearing should be placed 
on cither side of the pulley, receiving the po^vcr from the 
engine. As regards the increase in the diameter of the 
first driving shaft over the following shaft it is difficult to 
lay down any arbitrary rule, but- if it is made about one- 
seventh larger it will generally be found sufficient, or say 
a shaft having a diameter of one-fourth the width of the 
main driving belt will be amply sufficient to receive all 
the power transmitted. In calculating the diameter of a 
shaft it will be found much better to err on the side of 
strength, as, should a shaft bend or spring in working, the 
money lost in stoppages, lining up, &c., would in a very 
short period pay for the difference in first cost. t 
In coupling lengths of shgfting together, the plan of 
using a solid sleeve or box of metal keyed to the shaft is 
still generally adhered to in this country, w r c presume, as 
a rule, on account of its cheapness, as it is both clumsy 
and inconvenient. A light and convenient form of coup- 
ling much used in America, and known as the double 
cone vice coupling, consists of a cylindrical barrel, which 
couples the shafts. The inside of this barrel is turned 
to a double conical form ; between the barrel and the 
shaft are fitted two sleeves, the outsides of which are 
conical and fit the box, and the insides are bored to fit 
the shaft. These sleeves are cut completely through on 
one side, and are made to close concentrically upon the 
shaft by means of three square bolts fitted in slots cut 
into the sleeves and barrel, and running parallel to the 
shaft; these couplings have the advantage of being easily 
uncoupled in the centre of a shaft for placing or removing 
pulleys, without the great trouble of drifting keys or the 
expense of using split pulleys, as is the case wiih ilie 
ordinary box coupling. 
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The most improved form of plunimer-blocks are made 
on tlie principle of the universal or ball and socket joint. 
The advantage of this plan is that, in whatever direction 
the shaft may incline, there is an equal wear or strain 
upon the whole surface of the hearing, and should the 
plummer blocks be set somewhat out of truth, the ball 
and socket joint allows the bearings to adjust themselves 
in line. The base of pi u miner-blocks, and the face of 
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sole plates and wall-boxes should in all cases be planed, 
as any little outlay in .this way is amply repaid by the 
shafting running truer, and being less likely to get out of 
line. All parts of a plummer-block should be turned 
and planed together. 

Undoubtedly ball- and roller-bearing plummer-blocks 
and hangers are a great advance on the plain-bearing type. 
Their economy is due to three factors : firstly, the saving 
in lubricant and in time to apply same (when carefully 
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erected they only require recharging with grease about 
once a year) ; secondly, in the power they consume when 
running ; and thirdly, the power used when storting up. 
The chief difference between the ball and roller types lies 
in («r) load-carrying capacity, which, size for size, is largely 
in favour of the roller type ; ( b ) the amount of their 



frictional losses, which is in favour of the ball type ; (c) the 
incapacity of plain roller bearings to deal with any thrust 
load. 

For comparison purposes the coefficients of friction 
should be studied. They are as follows : Plain bearing 
(under good conditions), *014 ; roller bearing (short rollers), 
*0015 ; ball bearing, 0012. Figs. IGa, b and c show 
representative ball- and roller-bearing pedestals and 
hangers, fig. IGa being the Hoffmann type peTiestal, fig. I Go 
the Skefko hanger, and fig. lGc the It. and M. roller-bearing 
pedestal. 

It will be noted that provision is made in all cases for 
slight mis-alignment of the bearings, and also very careful 



ARRANGEMENT OF SHAFTING, ETC. 


95 


provision against the entry of dirt, in the case of the 
Skefko the extended ball race allows the balls themselves 
to act as the self-aligning element. The R. and M., vvhieh 
naturally is capable of the maximum loads, is provided with 
an additional ball thrust race to take up all end thrust. 
Only one of this type with ball thrust is necessary in each 
line of shafting, unless of exceptional length. 



no. Hie. 


In erecting ball- and roller-bearing hangers or pedestals, 
it should be borne in mind that it is necessary to eliminate 
any trace of permanent side thrust, as can easily happen 
in long lines of shafting. This is usually caused bv expansion 
and contraction of the shaft due to differences of tempera- 
ture, or by the shaft twisting under load. With reference 
to the statement on p. 1)1 re the saving in the excess power 
that is required to start up shafting on plain bearings, 
lecent tests have shown that the starting effort on a test 
line of shafting was *9 in. lb., and the running coefficient of 
friction at 250 r.p.m. *0015, against 770 in. lb. and 013 in 
the case of ring-oiling plain bearings. 
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In fixing shafting, it is important that it is made to 
run at a dead level ; this can be best done by means of a 
straight-edge and spirit level. In the first place, take the 
straight-edge and rest it on the bottom bearing of two or 
more of the plummer-blocks, and pack them up till the 
spirit level stands exactly true, then try the shaft in several 
places. Care must be taken that the driving pulleys on 
the main shaft and the pulleys on the machines or 
countershafts are exactly finable with each other. This 
can be ascertained by means of a long straight-edge, by 
placing it to bear evenly on the edges of the driving 
pulley and setting the other pulley to it ; if the driven 
pulley is some distance off, in the place of a straight- 
edge, a plumb-line or piece of string may he used in a 
similar way: this gives you a .line at right angles with 

the shaft. One shaft can be set at right angles with 

another by using a square on the main shaft and by 
stretching your plumb-line from it. The main shaft 

should, in the first instance, be set from the driving 

wheel on the engine, and not from the walls of the build- 
ing, as is sometimes done, as these may run out of truth ; 
the engine, however, should be set as nearly parallel with 
the walls as possible. 

Cross shafts, vertical shafts, and toothed gearing should 
in saw-mills be avoided as much as possible, and one line 
of horizontal shafting should not be set above another in 
a perpendicular line, as the driving power of the belt 
under these circumstances is lessened. Lengths of shaft- 
ing should be calculated so that as far as possible, when 
erected, the couplings should come close to a bearing. 

When several fines of main shafting running parallel 
to each other are in use, the pulleys receiving and trans- 
mitting the motion are best placed close to each other on 
the same side of the mill, with bearings well up on either 
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side of them ; the strain on tlie shafts is tlms more 
equalized, as the belts pull in both directions. 

As wo have before remarked, for saw-mill purposes, 
wherever practicable, we prefer the shafting to be 
mounted on standards and lixed under ground, but where 
it is necessary to use hangers, the bearings should be 
made adjustable for wear, &c., in all directions in the 
plane of the shaft’s rotation. If wall brackets are used, 
the bearing may be made adjustable transversely by 
making the plummer-block or pedestal separate from the 
wall bracket, and mounting it on an adjustable pin made 
to pass through a hole in the hanger, and through 
another hole formed in the base of the plummer-block. 
If oi^linary plummer-blocks are employed, the holes for 
the holding down bolts may be made slightly oblong in a 
direction transverse to the shaft, which will usually allow 
oi all the side adjustment necessary. Heavy, cumber- 
some hangers and wall brackets should be avoided. 
Collars should be fitted to all shafts to prevent end play; 
these arc best placed one at each end of the shaft inside 
the last standard or bearing. 

In erecting countershafts they should be fixed, as far 
as possible, so that the belts pull on the main shaft in 
opposite directions, as should too many belts be pulling 
in one direction, and the shaft be of insufficient size, or 
not very strongly supported, it will cause a great deal of 
trouble by springing, and will soon get out of line. In 
fixing driving pulleys on the main shaft, those transmit- 
ting the greatest power should be fixed as near to the 
bearings as may be practicable. 

We append the modus operandi adopted by a corre- 
spondent of the “ American Machinist” in erecting line 
shafting, which contains some useful hints : — 
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“ How to put up a line shaft with the least labour, and so ns to know 
that it is all right when done, is a question that bothers a good many 
machinists. In putting up line shafting, in many cases the trouble is in 
not making haste more slowly. For if the shaft is not put up true, of 
what avail is the speed with which the job is done ? I have adopted a 
plan that suits me well and gives good results, and I olfer it for the 
consideration of others. If, for instance, 1 am to put up all the shafting, 
together with engine, &c. , I commence by making a ground-] dan, showing 
the location of the tools to be run, and study so to place them, that the 
work may progress from one to another, or from the beginning to the 
conclusion, with as little handling as possible. Then, knowing the speed 
that the tools should run, I note what size pulleys are wanted on the 
line, and on what section they are wanted. I then take the longest 
shaft and lay out where I wish to place hangers, and I am then ready for 
business. If there are to be any extra timbers put in, I show the 
carpenter just where they arc wanted, and proceed to locate permanent 
points, from which all measurements are taken, by measuring from one 
of the corners to whatever distance the line is to be from* the side of the 
room, and driving a copper or brass nail and marking with prick-pkncli, 
to show the exact centre— and the same at the opposite end of the room. 
Then from one point to the other snap a fine chalk line, being careful to 
have it thumbed at frequent intervals, if the line is long, so that it may 
show only one mark. I then drop a plumb line from the ceilifig to the 
centre marks on the witness nails, and snap a line across the timbers, 
taking the same care as on the floor. I then have as many wooden 
blocks — 3 or 4 in. longer than the box, 3 or 4 in. wide, and 1 in. thick— 
as there are hangers, and tack them on the floor, over the chalk line, and 
under where the hangers are to be located, and level them very carefully, 
taking pains to change ends with the level and staff, so as to neutralise 
any error there may be in the staff or level. I then cut a measure to go 
from one of the blocks to timber above, on which the feet of the hanger 
rest, and from each of the blocks lay off, on these timbers, how much is 
to be taken off or added to, to make all of the seats for hangers level. 
Then from the chalk line already made, measure either way and mark 
for the bolt holes. 

“ Now, while the carpenter is doing his work, I measure on each block, 
from centre mark for bangers, half the length of the box either way, and 
make a mark across the block, and on that mark I lay off half the 
diameter of the shaft and make a cross mark or® dot, to line the 
shaft by. 

“ Everything is now ready to bolt up the hangers, put the pulleys on 
the shaft, as required by the ground-plan, and hoist the shaft into place, 
and proceed to level and straighten, which I do as follows : — 

“ To level, I make a tram, by taking a pole and driving a piece of wire 
or a nail in the end, and filing it off until it will just puss under the 
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shaft when the end is resting on one of the blocks, and by placing one 
end on the mark showing the length of box and the wired end against 
the shaft close by the box, I know that it is plumb, and have only to 
raise or lower the shaft by means of the adjusting screws, until the pole 
will just pass under. 

“To straighten the shaft, I drop the plumb line over the shaft close to 
the hanger, and if straight, the point of the plumb will he just at the 
mark laid off on the block, as described before, this being done at each 
of the hangers, and the job so far as the line shaft is concerned, is 
completed. 

“Now, to locate the counter-shaft, 1 measure from the witness nails 
driven in the floor, as far as it is to he from the main shaft, and snap a 
line as before described, and proceed in every way as on the main line. 
If desirable to set the tools as the work goes aloug, 1 do it all by the floor 
lines. For instance, to set a lathe, move the tail centre to the farther end 
of the ways, and drop a line from the centre to the floor, thou move the 
lathe until the plumb point is the same dntance from the floor line at 
both centres. For an iron planer, lay a straight edge across the bed and 
against the uprights, and diop lines from that, and so on with all of the 
tools. • 

“To set the engine, go back to flic witness ncils, and measuie distance 
to the centre of engine shaft ; or, if not convenient to measure from the 
nails, Measure fiom any convenient, point on the floor line between those 
nails, and locate the ground lino, fiom which to lay out engine founda- 
tion in the usual way. It there is to be shafting on the floor above, bore 
a small hole as near over the witness nails as possible, through which 
drop a plumb, aud measure from the point, to the nail, and then from 
the line above the floor measure otr the same distance and drive witness 
nails for that floor, and so on from floor to floor, repeating the operation 
as described on the first floor. Experts may criticise my way of doing 
the job, but they are not the ones I am talking to, but to the men who 
ha 7 e never had occasion to put up a line shaft. The problem is. how to 
put up a line shaft with the least labour, and know that it is all right 
when done ” 

We append some simple rules lor calculating speeds of 
shafts and diameters of pulleys : — 

Problem I . — Tins speed of the driver and the diameter and speed of 
the driven being given, to find the diameter of the driver — 

Rule . — Multiply the diameter of the driven by its speed, and divide 
the product by the speed of the driver ; the quotient will be the diameter 
of the driver. 

Problem II . — The speed of the driven and the diameter and speed of 
the driver being given, to find the diameter of the driven — 
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Rule . — Multiply the diameter of the driver by its speed, *nnd divide 
the prod net by the speed of the driven ; the quotient will be the diameter 
of the driven. 

Problem III . — The (liamelcr of the driven being given, to find its 
number of revolutions — 

Rule . — Multiply the diameter of the driver by its revolutions, and 
divide the product by the diameter of the driven ; the quotient will be 
the number of revolutions of the drivcu. 
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CHAPTER IX. 

MACHINE FOUNDATIONS. 

Tiie proper fixing on adequate foundations has much 
to do with the satisfactory performance of wood-working 
machinery, and in the case of high-speeded machines, 
especially those with a reciprocating motion, the jar or 
vibration is absorbed in* a very considerable degree by 
the foundations as well as by the framing of the machine. 
In t be case of machines working on the rotary principle, 
little difficulty is experienced as regards foundations, the 
stress being as a rule easily absorbed by well-apportioned 
framing, that is on the assumption that the working parts 
are all truly balanced and fitted. 

In the case of vertical saw frames it has been attempted 
to do away with the ordinary masonry foundation by 
mounting the frame of the machine on an extended cast 
iron bed-plate, or in light deal frames by casting the main 
framing of the machine in one piece. The extended bed- 
plate system is not to' be recommended except in cases of 
necessity, where the foundations are bad from the ground 
being marshy or from overflow water in tidal rivers or 
such like causes, as the vibration is not by any means 
done away with ; by using this form of bed-plate, small 
deal frames may be made very strong and compact by 
casting the frame solid, but they are somewhat more 
difficult to make and repair. 
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Where much water that cannot easily be got rid of is 
found, and where it is necessary to put in a deep founda- 
tion, especial means must be taken to get, in the first 
instance, a solid basis. Where the weight to be sup- 
ported and the vibration to be absorbed are considerable, 
as in the heaviest class of log sawing frames, we have 
found a series of English elm piles to make a durable 
and satisfactory foundation. The depth they should be 
driven and the distance apart must depend on the action 
.of the machine, the weight of the load, and the nature of 
the soil. The tops of the piles should be sawn off level, 
and sleepers or planks fixed transversely on the top of 
them; the piles and sleepers should be creosoted. 
Where the ground is moist only, and much concrete* is 
unnecessary, a good plan is to ram the substratum linn, 
and cover with a layer of broken stone or slag to about 
Gin. in depth; into this layer pour melted asphalte: 
this binds together in one solid mass, prevents damp, 
and gives a good foundation for the subsequent masonry. 

The vibration of saw frames is lessened considerably 
by counterbalancing their reciprocating parts, and by 
arranging the crankshaft as near the base of the machine; 
as possible, and a fly-wheel or wheels are found to add 
considerably to their steadiness in working. 

The vibration of a machine may be also considerably 
lessened by the introduction of a sheet of lead between 
the base of the machine and the masonry for light 
machines ; on an upper floor a thick sheet of felt may 
also be used with advantage. 

As regards the masonry employed for foundations, 
stone is the best, and offers a better resistance than 
brickwork, but its cost is somewhat of a bar to its general 
adoption. A deep bed of concrete, if well laid, will also be 
found very serviceable. The strength of a stone founda- 
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tion depends greatly on the quality of the stone employed, 
and also whether the size and shape of the blocks used are 
in proportion to the strength of the stone ; the mortar too 
used for this purpose should be of the very first quality, 
and the stones accurately dressed. If the dressing is 
badly done, and the pressure is unequal and severe, they 
are liable to fracture. Blocks of stone of long dimensions 
in proportion to their thickness should never be used, as 
with heavy machines with a reciprocating motion, with a 
positive stroke or dead blow, the risk of breakage is 
considerable. A safe rule is to make the length of the 
block say about three times the thickness, and the width 
one and a half times. Great care should be taken that 
til© masonry is accuratety levelled, and set as nearly 
perpendicular to the direction of the stress as possible. 
The top blocks should be cramped together, and the 
joints^ filled in with molten lead, as excessive vibration 
and stress is in a great measure overcome by the weight 
and the solidity of the foundations ; the framing of the 
machine should be made to combine as far as possible, 
and made integral with it. 

The quality of the work turned out and the longevity 
of the machine depend also more on the stability of the 
foundations than is generally imagined. The foundation 
bolts should pass entirely through the masonry, and 
either be cemented in their places, or, should they not 
be cemented, they will be found less liable to work loose 
by putting a piece of hardwood between the plates and 
the masonry. Wood- working machines with a recipro- 
cating motion should never be put on an upper floor, 
except those of the very lightest class. In machines with 
a rotary motion, and the straining forces acting horizon- 
tally to the axis of motion, brickwork or timber founda- 
tions are us uall y sufficient, but for the heaviest class of 
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machines, such as rack saw benches or planing machines, 
if the earth is at all unsound, concrete or rubble masonry 
should be used ; for heavy log frames, steam mortising 
machines, &c., ashlar masonry is undoubtedly the best. 
Any reasonable cost incurred for perfect foundations is 
soon repaid by increased steadiness in working, and con- 
sequently improved quality of output. As a rule inferior 
production in machines with a rotary motion is directly 
traceable to inferior workmanship or design in the 
machine, loose bearings, weak spindles, improperly 
sharpened cutters, insufficient feed, or unbalanced cutter 
blocks ; but it cannot be denied that in the first instance 
weak or insecure foundations contribute largely, through 
imperfectly absorbing the vibration, to bring about some 
of these results, especially in machines with their framings 
put together in sections. If brickwork foundations are 
used, the bricks employed should be hard and well burnt, 
and Portland cement should be used ; this is especially 
necessary in damp situations. 

As regards brick foundations for machinery Mr. Trnu- 
twine, who has experimented a good deal with building 
materials, says on this point that a rather soft brick will 
crush under a weight of 450 to GOO lbs. per square inch, 
or about 30 to 40 tons per square foot, whilst a first-rate 
machine-pressed brick will require from 300 to 400 tons 
per square foot. This last is about the crushing limit ot 
the best sandstone, or two-tliirds as much as the best 
granites or roofing* slates. But masses of brickwork will 
crush under much smaller loads than single bricks. In 
some experiments referred to by this author, small cubical 
masses only 9 in. on each side, laid in cement, crushed 
under 27 to 40 tons per square foot, others with piers 
9 in. square and 2 ft. 4 in. high, in cement, only two days 
after being built required 44 to G2 tons per square foot to 
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crush them. The same authority, however, is careful to 
add the statement that cracking and splitting usually 
commence under about one-half the crushing loads. 
To be safe, he recommends that the load should not 
exceed one-eighth or one-tenth the crushing load; so 
also with stone, if bricks are used as foundations. For 
some kinds of wood-working machinery, such as steam 
mortising machines and saw frames, where there is what 
we may call a constant punch*; ic action going on, we 
certainly think the dead weight should not exceed about 
one-tenth the crushing load. 
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CHAPTER X. 

WOOD WORKING MACHINERY BEARINGS, AND THE IK 
LUBRICATION. 

In consequence of the high rate of speed at which it 
is necessary to operate most kinds of wood-woriang 
machinery, the proper proportion, construction, and 
lubrication of the bearings, whereby the friction engen- 
dered can be reduced to its lowest limits, is a matter of 
vital importance. 

As regards the shape of the bearings for high-speed 
machinery, those generally employed are made of cylin- 
drical form, but occasionally conical or spherical bear- 
ings are used for especial purposes. The bearings of 
machines in which the spindles make above say 5,000 
revolutions per minute should be made of increased area ; 
the exact rule cannot, however, be laid down for calcu- 
lating the lengths and diameters necessary, owing to the 
difficulty of calculating the exact amount of friction: 
practical experience must therefore be the chief guide as 
to their correct proportions. • 

In calculating the proportions for bearings, the fol- 
lowing points should, however, be borne in mind : 1. The 
pressure and straining forces to which the bearing is 
subject ; 2. The kind of metal employed ; 3. The inode 
of lubrication; 4. The kind of friction to which the 
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bearing is subjected. In practice, where an increased 
area is required, it is found better to extend the bearing 
in length than to increase its diameter. As regards the 
lengths of bearings, from three to four diameters may be 
taken as a sale criterion for spindles that are constantly 
running at speeds say up to 5,000 revolutions per 
minute ; above that speed the length of the bearing can 
be increased one or one and a half diameter with 
advantage. For spindles that work only occasionally 
and at a slower speed they may be made shorter, and the 
spindles of less diameter lor a given duty, the friction in 
consequence being reduced. 

Friction can be reduced considerably by means of 
rolling bearings, but the obstacles in the way of their 
application render them unsuitable for wood-working 
machinery^ A plan for lubricating bearings by means of 
cold water w r as patented some thirty-live years ago by 
Mr. John Blyth, of London. In this case the bearings 
were made partially hollow, and through them a stream 
of cold water was passed. This, with many other plans, 
also came to nothing, and the ordinary solid, cylindrical 
bearings, divided horizontally and lubricated with oil, are 
now almost entirely employed. 

In this country the metals used for the construction of 
bearings are confined to gun-metal, cast-iron, white metal 
alloys, and an alloy known as phosphor bronze. Gun- 
metal containing about 18 parts of tin to 82 of copper, 
and cast in chills to give a kind of “ skin ” to bearings, is 
found sufficients for many spindles, but for bearings 011 
which there is constant and great pressure the alloy 
phosphor bronze is to be preferred. This is a combi- 
nation of copper, tin, and phosphorus, which possesses 
great tensile strength, hardness, and durability, which 
vender it suitable for crank and other pins where there 
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is great friction, as well as for bearings. Castings from 
phosphor bronze can be produced very fine in the grain, 
and of almost perfect soundness, thus giving less tendency 
to seize or fire when working. 

Bearings made of cast-iron, when perfectly sound, 
accurately fitted, and well lubricated, are not to be 
despised, and for steel spindles to run in, will wear well. 

Soft metal alloys, such as that known as Babbitt 
metal (which is an alloy consisting usually of 9 parts of 
tin and 1 of copper), or Parson’s white brass, are exten- 
sively used in America, but we do not recommend them. 
There may be somewhat less friction in their use, and 
they are cheaper in their first cost, but as they require 
constant renewals anything gained in this way is soon 
lost, especially in cases where energetic friction has to be 
contended against, as in the case of the overhung spindles 
of moulding machines. • 

Where soft alloy bearings are used great care should 
be exercised in renewing them ; the spindle should first 
of all be set to a dead level, and the metal, which should 
not be over-hot, should be poured on both sides of the 
bearing at the same time, so that the mould may be 
perfect, the bearing should then be carefully scraped and 
bedded. An alloy for bearings patented by Lechesne has 
latterly been very highly spoken of; it consists of copper, 
650 parts; nickel, 275 parts; cadmium, zinc, and tin, 25 
parts. We have not yet had an opportunity of trying it, 
but cadmium, which is very malleable and fuses at a low 
heat, should from its nature produce a ?ery fine surface 
on a bearing; it is, however, somewhat difficult to 
combine with other metals. 

The chief bearings of high-speeded machines should 
be made adjustable for wear; this is especially important 
where there is a great “pull” on the spindle. Conical 
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bearings have some advantages for light spindles, but 
care must be taken that they are adjustable, and that no 
end play is allowed. Footstep bearings, or those on 
which the lower ends of a vertical spindle rest, are 
especially difficult to keep in order. These bearings 
should be constructed with lateral and vertical adjust- 
ments, and a recess for oil, having direct communication 
with the bearing surface, should be formed in the 
pedestal in which the bearing is fitted. 

Bearings subject, to a sliding friction, such as the 
swing-frame V bearings in log frames, are much easier 
to keep in order than ordinary spindle bearings which 
are subject to a rolling friction. In outlying districts, 
where^ renewals are costly and difficult, wood may be 
used. Lignum-vitaj, box, and pear-tree woods are suit- 
able for these bearings, but all resinous and loose-fibred 
woods are unsuitable. The bearings for shafting used in 
transmitting power to the various machines in a saw-mill 
should have a perfectly rigid seat, and be fitted with both 
lateral and vertical adjustments. As line shafting is 
often subject to considerable torsional and bending 
strains, where shafts of small diameter are required, 
Bessemer steel, on account of its additional stiffness, 
should be used ; the cost will be found to be very little 
in excess of iron, and it will present a smoother surface 
to the bearing. 

Shafting and spindles made of steel may be of smaller 
diameter for a given duty than iron. If iron is used it 
should be of good quality and free from seams. If 
seams exist, a bearing will never work well, and it has 
a much greater tendency to “fire” or “seize” the 
spindle. If this should occur, pour cold water on it 
and remove it from its seat, let the faces of the bearing 
be rather closer together, removing all abrasions with a 
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scraper, remove any roughness on the spindle, and 
accurately re-bed it with a scraper, and red-lead till it 
runs easily at a dead level, well lubricate with tallow and 
plumbago mixed, and start again. 

In practice it is usually found more difficult to keep 
bearings well lubricated that are subject to constant and 
great pressure, than those which carry spindles revolving 
at high speeds, as from the weight of the load, after run- 
ning a short time, their unguents are expelled from the 
bearings, unless especial provision is made. For this 
class of bearings unguents with a considerable metallic 
base, such as plumbago, are found the most efficient. 

Various plans for the self-lubrication of bearings have 
been introduced, with more or less success. This can be 
carried out well by forming the bearings to extend con 
siderably beyond the collars of the journal ; the extended 
ends of the bearings must be hollowed out internally to 
form oil cups ; the oil, being supplied from the top in the 
usual way, passes over the frictional surfaces, and is 
caught in the annular cups. The oil is re-used hv means 
of the bearing collars which, as they revolve, catch it up, 
and carry it to the top bearing, the inner faces of which 
must be inclined upwards towards the centre, leaving a 
way for the oil, which is thus re-distributed over the 
rubbing surfaces. 

Another self-oiling plan, especially adapted for line 
shafting, has recently been patented. The improvement 
consists in making part of the pluminer-block hollow, to 
form an oil chamber; in this recess a narrow roller is 
mounted, having its lower part immersed in the oil, and 
its upper part in contact with the shaft through an open- 
ing cut in the bearing. When the shaft revolves, the 
smaller roller revohes also, thus constantly bringing the 
oil from the chamber to the shaft as long as the motion 
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continues : when the shaft stops lubrication ceases. The 
oil, after being used on the bearing, is received in a 
channel and conducted back to the oil chamber for 
re-using. 

In some saw benches of American construction the oil 
used for lubricating is made to circulate from one set of 
bearings to the other by means of yarn, which is fitted 
into grooves cut in a bracket which holds the saw- 
spindle, and in which the two sets of bearings are 
mounted. 

Although after constant re-usage the oil doubtless 
loses its oleaginous properties and becomes more or less 
useless for lubricative purposes, yet, without doubt, a 
considerable saving is effected by the use of a well- con- 
structed self-lubricating bearing on line-shafting. In 
arranging line-shafting, by the way, care must be taken 
that the shaft is strong enough and the bearings placed 
near ertough together to overcome any bending strain, as 
in saw-mills the speed, number of pulleys, and belt ten- 
sion is often excessive. Should this not be done, the wear 
on the bearings will be very unequal, and they will 
rapidly deteriorate. End play on the shaft should also 
be guarded against. 

We shall now notice various lubricants we have found 
especially well adapted for wood-working and other high- 
speeded machinery, and having briefly considered various 
forms of bearings, we will discuss the best means of lubri- 
cating them, so as to reduce the friction engendered to the 
lowest possible point. 

Firstly, as regards the lubricating materials : a large 
number of mixtures of oil and grease of various kinds are 
offered, under very grand names, to users of machinery ; 
most of these are warranted to effect wonderful results, 
and a high price is asked for them. The lubricative quality 
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of fin}' preparation, however, really depends on the amount 
of greasy particles contained in it, and as the advantage or 
otherwise of these advertised preparations is a somewhat 
difficult subject to discuss with any degree of accuracy, 
we shall coniine our remarks to tlie ordinary oils of 
commerce. 

For light, high-speed spindles several of the fixed oils, 
or those expressed from seeds and fruits, are extremely 
valuable, notably olive and castor oils, the latter from its 
clinging properties, being retained for a considerable 
time in the bearings, and it has the additional advantage 
of being free from acid, neither docs it clog from vis- 
cidity ; but the cost of these oils more or less precludes 
their use for general purposes, and users of machyiery 
must of necessity fall back on gnimal or fat oils. 

Mineral oils and those containing acids or alkalies, 
which can often be purchased at a very low price, should 
in all cases be avoided, as they are acrid in their nature, 
and their oleaginous proper-ties are small. If an oil of 
fair quality is carefully used, it will last much longer 
than those of low grades, and the bearings also will keep 
in better condition, as poor mineral oils are rapidly 
absorbed or expelled. 

Amongst the fatty lubricants sperm oil, lard oil, and 
Russian tallow hold the foremost rank. 

For general saw-mill purposes we can, from experience, 
recommend either of the following mixtures, and as 
regards efficacy there is little to choose between them : — 
good lard oil, 75 parts ; plumbago, or sulpjiur, powdered 
very fine, 25 parts. If the spindles are light and running 
at a high speed, the amount of plumbago may be reduced ; 
should they be heavy, running at a low speed, and subject 
to constant and great pressure or strain, the amount of 
the plumbago may be increased with advantage up to 40 
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parts. We have recently heard soapstone combined with 
oil very highly spoken of as a lubricant for high-speed 
spindles ; it is first reduced to a very fine powder, and 
washed to remove all gritty particles, it is then stirred in 
diluted muriatic acid, to dissolve any traces of iron it 
may contain. The powder is then re-washed to remove 
the acid, dried, and mixed with oils or fats in about the 
same proportions as those given above, and is said to 
retain the oleaginous properties of the lubricant, and to 
produce a very fine surface on the bearing. An anti- 
friction grease, composed of hog’s lard, gutta-percha, and 
powdered blacldead, is much used on heavy spindles in 
the United States. All fat oils should be stored in a 
moderate temperature ; if they are exposed to much heat 
they are found to decompose and lose their oleaginous 
properties. Should oil become rancid and offensive, it 
may in a great measure be restored by adding to it a small 
quantity* of nitric ether or spirits of nitre. 

The lubricant being selected, the very important point 
arises, which is the best and most economical way of 
applying it. This depends somewhat on circumstances. 
On spindles revolving at very high speeds, such as those 
used in moulding machines, a double or two grease cups 
should be provided, one-half of which should contain 
tallow and plumbago, and the other oil. Notwithstand- 
ing the introduction of many new lubricators, the old- 
fashioned plan of trimming the oil boxes with a piece of 
twisted wire and yarn, through which by capillary attrac- 
tion the oil reaches the bearing, is not by any means to be 
despised. We *have found a brass needle lubricator, 
fitted with a glass top, very economical for general 
machine purposes, and the ordinary glass needle lubri- 
cator for shafting. 

We do not recommend a lubricator to be made entirely 
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of metal, as the state of the oil supply docs not come 
constantly under the eye of the operator, and the spindle 
may sometimes he allowed to “seize,” much to its 
detriment. In all ordinary bearings it is the practice to 
cut a slight groove along the top of the hearing to hold 
the surplus oil ; this as a rule is sufficient, but for bear- 
ings difficult to keep lubricated, such as the connecting 
rod bearings of log or deal frames, or the footstep bear- 
ings of irregular moulding machines, we can recommend 
the following plan : — Take the bearings, and where they 
join each other horizontally form a narrow recess on both 
sides for about three parts of their length, into this lit 
tightly pieces of thick felt, lubricate in the usual wa} r ; 
when thoroughly charged this felt will retain the o^l for a 
considerable time : the felt oan, if required, be fitted in 
recess formed in the top of the bearing. As a rule an 
enormous amount of oil is wasted in lubricating the 
machinery in a saw-mill, owing to the dust which is 
floating about, which absorbs it ; and owing to the high 
rate of speed at which it is necessary to run most of the 
machines, the oil is more readily expelled from the bear- 
ings. All bearings possible should therefore be fitted 
with dust-guards and the main and other shafting with 
pans to catch the oil, which can again be used on the 
slower-running machines. 

A large variety of lubricators are in existence; that 
chiefly used is known as “the Needle” (Liouvain’s 
patent). We have constantly tested it, and can speak 
well for its economy. Its construction ^ of the simplest 
— a copper pin filed slightly flat on one side, to allow the 
passage of the oil, is arranged to move vertically through 
the plug of the lubricator, with its bottom end resting on 
the shaft. As long as the shaft is in motion the pin is 
lifted slightly, and a small amount of oil is allowed to 
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flow on to the shaft ; when the shaft stops and the pin is 
at rest, the supply ceases. 

Another form of lubricator, which should be econo- 
mical, has also lately been introduced. This is known 
as the “ Capillary,’ ’ and is arranged with a series of small 
holes through which the oil is sucked on to the shaft. 
With some grades of oil we are afraid some little 
difficulty would be experienced in keeping the oil-ways 
clear. 

On engine cylinders ordinary tallow cups are usually 
fitted, the supply to the cylinder being dependent on the 
engine-driver. This is often neglected, or is at the best 
very irregular, and occasionally the valves may be left 
open % and all the tallow be allowed to run into the 
cylinder, the result being either increased friction on the 
piston-rings and cylinder, or a great waste of lubricating 
matter. In place of this plan, an automatic steam lubri- 
cator can be used with advantage. Several types of these 
are constructed, which give a small but continuous supply 
of lubricating matter as long as the engine is running, 
and directly it stops the supply ceases. I11 some of these 
automatic lubricators the exact amount of lubricating 
material can be accurately measured and regulated. For 
this purpose a valve outlet is to be preferred to the ordi- 
nary plug outlet, thus securing the most efficient lubrica- 
tion with the minimum amount of waste. The saving 
effected in this way may appear infinitesimal in a day, 
but when multiplied by months or years it reaches a very 
respectable tota^ ' 

Whilst discussing lubrication, although it is not directly 
connected with bearings, it may not be out of place to 
note briefly the lubrication of circular and band saws. In 
sawing some kinds of resinous woods it is found necessary 
to especially lubricate the saw as well as the saw spindle; 
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efficient lubrication of the saw spindle must, however, 
first be secured, as should heat from the spindle he com- 
municated to the saw, it destroys the stiffness of the 
plate, and gives a tendency to “buckling.” Care also 
should be taken that it is worked at its right speed — say 
about 9,000 ft. traverse at the periphery per minute — as 
it is found that, if run at too great a rate, a saw becomes 
wary and pliant, and runs untrue. When it is necessary 
to especially lubricate the saw, we can recommend the 
following plan in preference to the old arrangement of 
oiled gasket-packing stuffed in between the saw and the 
bench, as this is difficult to do perfectly even, and it also 
wastes a considerable quantity of oil. On both sides of 
the back of the saw, fit adjustable packing boxes under 
the saw table, extending to within about 3 in. of the 
centre of saw, bore holes through the table so that oil can 
be poured into the box as required, leave the side of the 
box nearest the saw open, and make the other sk\e adjust- 
able by means of set screws, fill the box as tightly as 
possible with gasket, and adjust the set screws so that the 
gasket bears evenly along the saw, that the friction and 
consequent expansion and contraction of the saw-blade 
may be perfectly uniform. An adjustable saw-guide 
made of hardwood should also be fitted to the front of the 
saw. To lubricate saws, oil is often thrown on the plate ; 
this should never be done, as it is both wasteful and 
inefficient. 

In sawing some kinds of wood with a band saw, notably 
pitch pine, the friction caused by the clinging properties 
of the resin is a fruitful cause of the breakage of the 
blade from expansion and contraction. This can easily 
be lessened by mounting the top saw-wheel elastically, 
keeping the leathers on the saw-wheels true, slackening 
the tensiou of the saw immediately after finishing work, 
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and by keeping the blade well lubricated and clear from 
resin. For efficiently lubricating and cleaning the saw- 
blade we can recommend the following arrangement: — 
In place of the pieces of hardwood usually used to guide 
the saw, provide small square oil boxes with the side 
next the saw made movable and adjustable to the gauge 
of the saw by means of set screws ; through these mov- 
able sides or plates drill a number of small holes, when 
the saw is in motion the oil will percolate through these 
holes and moderately and efficiently lubricate the blade. 
To keep the saw-blade clear from resin, a small hard 
brush should be fitted to the frame of the machine or 
saw-guard, and arranged so that it can be made to bear 
against the blade as required. 

Discussing these small matters may to some appear 
trivial, but I make no apology for so doing, as owing to 
the kee^ competition, both home and foreign, in every- 
thing appertaining to joinery or wood manufacture, am r - 
thing, be it ever so small, that either saves labour, or 
adds to the productive efficiency of a machine, all prac- 
tical men will admit is of great and increasing importance. 
Or as the poet Young says : — 

“Think naught a tiille, though it small appear ; 

Small sands the mountain, moments make the year, 

And trifles life." 


A very large number of lubricating compounds are in 
use in America, some said to possess remarkable proper- 
ties ; of most of these we are unable to speak from our 
own experience, but as the subject is one of much interest, 
we append some notes thereon, taken from the “ Scientific 
American”: — “The desirable features of a good lubri- 
cant or an unguent may be briefly stated thus : It should, 
first of all, reduce friction to a minimum, should be per- 
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fectly neutral, and of uniform composition. It should 
not become gummy or otherwise altered by exposure to 
the air, should stand a high temperature without loss oi 
decomposition, and a low temperature without solidifying 
or depositing solid matters. The question of cost and 
adaptability to the requirements of light or heavy bearings 
are also important considerations. 

“ The finest lubricating oils in the market — those used 
for watch, clock, and similar delicate mechanism — are 
chiefly prepared from sperm oil by digesting it in trays, 
with clean lead shavings, for a week or more. Solid 
stearate of lead is formed, and remains adhering to the 
metal, while the oil becomes mtore fluid and less liable to 
change or thicken on chilling. 

“ Sperm oil is used for lubricating sewing machines and 
other light machinery. Some of the oils sold for this 
purpose contain cotton seed oil and kerosene, and others 
are composed largely of mineral, sperm, or signal oil — a 
heavy, purified distillate of petroleum. 

“ Good heavy lubricating oil is made from heavy paraf- 
fine oil (a distillate of petroleum). Owing to ‘cracking* 
(decomposition of the vapours of the heavy distillate into 
lighter products), which takes place in the still, the crude 
oil contains a large percentage of light offensive oils, too 
thin for lubricating purposes. In Merril’s process these 
are separated by blowing superheated steam through the 
oils, heated just short of its boiling point in the still, the 
lighter oils being driven off, a neutral, nearly odourless, 
heavy oil, gravity 29 deg. B. to 26 deg* B., and boiling 
at about 575 deg. Fahr., remaining. When mixed with 
good lard oil it makes an excellent and cheap lubricant. 

“ Common heavy shop and engine oils are commonly 
variable mixtures of heavy petroleum or paraffine oils, 
lard oil, whale or fish, palm, and sometimes cotton seed 
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and rosin oils. There are nearly as many of these com- 
posite oils in the market as there are dealers in such 
supplies. The following is one of them : — 


Petroleum 

... .‘50 per cent. 

Paraffine oil (crude) 

... 20 „ 

Lard oil 

... 20 „ 

Calm oil 

... 9 „ 

Cotton seed oil 

... 20 „ 


99 


“ Solid or semi-solid unguents, such as mill and axle 
grease, &c., are prepared from a variety of substances. 
The following are the compositions and methods of 
compounding a few of the$e : — 

“ Frazer’s axle grease is composed of partially saponified 
rosin oil — that is, a rosin soap and rosin oil. 

“In its preparation, onc-half gallon of No. 1, and two and one-half 
gallons of No. 4 rosin oil, are saponified with a solution of one-half 
pound of %al soda dissolved in three pints of water, and ten poundB of 
sifted lime. After standing foT six hours or more, this is drawn olf from 
the sediment and thoroughly mixed with one gallon of No. 1, three and 
one-half gallons of No. 2, and four and two-third gallons of No. 3 rosin 
oil. This rosin oil is obtained by the destructive distillation of common 
rosin, the products ranging from an extremely light to a heavy fluorescent 
oil or colophonic 1 ar. 

Pitt’3 car, mill, and axle grease is prepared as fol- 
lows: — 

Black oil or petroleum residuum 40 gallons. 

Animal grease 50 pounds. 

Rosin, powdered (50 „ 

Soda lye ' 2} gallons. 

Salt, dissolved in a little water 6 pounds. 

• 

“ All but the lyc are mixed together, and heated to about 250° F. The 
lye is then gradually stirred in, and in about twenty-four' hours the 
compound is ready for use. 

“ Hendrick’s lubricant is prepared from whale or fish 
oil, white lead, and petroleum. The oil and white l«ad 
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are, in about equal quantities, stirred and gradually heated 
to between 350 degs. Fahr. and 400 degs. Fahr., then 
mixed with a sufficient quantity of the petroleum to reduce 
the mixture to the proper gravity. 

44 Hunger’s preparation consists of : — 


Petroleum 

. ... 1 gallon. 

Tallow 

. 4 oz. 

Palm oil 

. . . 4 oz. 

Tlumbago 

. .. G oz. 

Soda 

... 1 oz. 

“ These are mixed and heated to 180° F. for an hour or more, cooled, 
and after twenty-four hours well stirred together. 

44 A somewhat similar compound is prepared by John- 

son as follows : — 

Liquid. Solid. * 

Petroleum (30° to 37° gravity) • 

1 gall. 1 gall. 

Crude paraffine 

1 oz. 2 oz. 

Wax (myrtle, Japan, and gambier) ... 

1 £ oz. 7 oz. 

Bicarbonate of soda 

1 oz. 1 oz! 

Powdered graphite 

3 to 5 oz. 8 oz. 

14 Maguire uses, for hot neck grease : — 

Tallow 

... 10 pound*. 

Fish 

... GO „ 

Soapstone 

... 12 

Plumbago 

... » 

Saltpetre 

.. 2 „ 

14 The fish (whole) is steamed, macerated, and the jelly pressed through 

fine sieves for use with the other constituents. 


44 Chard’s preparation for heavy bearings consists of : — 

Petroleum (gravity 25°) 

... 12 ounces. 

Caoutchouc 

•*ii 2 „ 

Sulphur 

2 

Plumbago 

... 4 

Beeswax 

4 

... t t , 

Sal soda 

... 2 „ 


14 This composition is stirred and heated to 140° F. for about half an 
hour. 
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“ The following are a few of the compositions for lubri- 
cating that have been patented : — 

Petroleum residuum, alkali, ammonia, and saltpetre. 

Graphite, oil, caoutchouc. 

Asbestos and grease. 

Lignumvitsc and spermaceti. 

Ivory dust and spermaceti. 

Tin and petroleum. 

Zinc and caoutchouc. 

Plastic bronze and caoutchouc. 

Tallow, palm oil, salts of tartar, and boiling water. 

Oil, lime, graphite, castor oil. 

Shorts, soapstone, and castor oil. 

Fetr oleum residuum, salt, caustic potash, sal ammoniac, spirit ot 
turpentine, linseed oil, and sulfur. 

Petroleum residuum and flour. 

Petroleum residuum, lard, sulphur, and soapstone. 

Mixed heavy and light petroleum. 

Oil, wax, caoutchouc, rosin, and potash. 

Petroleum residuum, sal soda, sulphur, and kerosene. 

Glycerine, graphite, asbestos, kaolin, manganese, soapstone, sulphide 
of lead, carbonate of lead, and cork. 

Saponified rosin, wheat flour, petroleum, animal fat, and Boda, 

Type metal and caoutchouc. 

Anthracite coal and tallow. 

Tin oxide and beeswax. 

Soapstone, magnesia, lime, and oil. 

Sulphur and petroleum. 

Vulcanised caoutchouc, petroleum, and tallow. 

PaTaflinc oil and milk of lime. 

Asbestos and tallow. 

Spermaceti and indiarubber. 

Tallow, petroleum, soda, and hair. 

Mercury, bismuth, and antimony. 

Petroleum, sal soda, lime, tallow, lard, salt, pine tar, turpentine 
camphor, and alcohol. 

Sulphur, plumbago, mica, tallow, and oil. 

Palm oil, paraffine, tallow, alkali, and asbestos. 

Tallow, oil, paraffine, and lime water. 

Flax seed oil, cotton seed oil, tallow, and lime water. 

Petroleum, tallow, beeswax, soda, and glauber salt. 

Animal oil, croton oil, spermaceti, tallow, soda, potash, glycerine, and 
ammonia. 
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Sheets of paper or woven fabrics impregnated with graphite, steatite, 
paraffine, tallow, size, and soluble gums.” 

Should mineral oil be employed for lubricating pur- 
poses, care must be taken that they do not give off in- 
flammable vapour under, say 350 degs. Fahr., as many 
disastrous fires have been traced to the use of oils with a 
low flashing point. A mixture of mineral and animal oils 
has latterly come considerably into use for lubricative 
purposes. Mineral oils for lubricating purposes should 
be free from fatty acids, mucilage and gelatine, and they 
should possess a specific gravity of about 0'910 at 15 
degs t Cent. 

Solidified oil can occasionally* be used for lubricating 
with advantage on vertical or horizontal surfaces, ns it 
will cling to them better than Ordinary liquid oil ; should 
lubricators be used with it, the outlet should be about 
one-third larger than for oil. • 

In conclusion, whatever oil or lubricating matter is 
employed, its specific gravity or body should be in ratio, 
or calculated according to the nature of the work to be 
performed, bearing in mind the weight and speed of the 
parts to which it is applied, and the special nature of the 
friction it is intended to modify. 

As the adulteration of lubricants has become so general, 
we append, as a guide and warning to our readers, a few 
notes on the adulteration of oils, lard, and tallow, taken 
from a practical work by R. S. Christiani : — 

“ Fats and oils are subject to adulteration and falsification, particularly 
those of great commercial value, and generally with fats and oils of 
lower prices. By exposure to the air they absorb oxygen and become 
rancid ; some oils dry into a kind of varnish, and are called drying oils. 
The fats are adulterated with foreign substances to increase their weight. 
We cannot here go into a general analysis of all these important mate' 
rials, but will examine such as are in common use and most liable to 
sophistication. 
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"Olive Oil. — Olive oil for the manufacture of soaps is ordinarily 
adulterated with cole-seed oil, cotton-seed oil, and poppy oil. These 
mixtures are sometimes disguised by colouring them green with indigo, 
so as to create the impression that green olive oil is present. The 
adulteration with black poppy oil is the most frequent, not only on 
account of the cheapness of this oil, but also on account of its sweet 
taste, and its odour being but little pronounced. 

“ Oil op Sweet Almonds. — The oil of sweet almonds is principally 
falsified with poppy oil and with sesame oil. Several processes have 
been proposed for detecting this falsification. Oil of sweet almonds 
becomes cloudy at 20° C. (4° below 0° F.), and solidifies at 25° C. (13° 
below 0° F.), while poppy oil begins to solidify between 3*9° C. (39° F.), 
and 6° C. (42*8° F.) One part of aqua ammonia, mixed with nine parts 
of oil of sweet almonds, forms a white soft soap, very smooth and homo- 
geneous if the oil be pure ; on the contrary, it is clotted if it contains 
more than one-fifth of poppy oil. 

“ Kapeseed Oil. — This oil is falsified with linseed, mustard, and whale 
oils, oleic acid, &c. Ammonia with pure oil gives a milk-white soap ; 
and a Yellowish- white soap when the mustard and whale oils are present. 
Gaseous chlorine colours rapeseed Dil brown, when it contains whale oil ; 
if pure it remains colourless. 

41 Sesame Oil. — T his oil is ordinarily mixed with earth-nut oil. 

"LINSEED Oil. — This oil is falsiiied with hemp seed, and especially 
with fish oil. Pure linseed oil treated by hyponitric acid becomes pale 
pink ; by ammonia, dark yellow, and gives a thick and homogeneous 
6oap. 

44 Black Poppy Oil. — This oil is often mixed with sesame and beech- 
nut oils. The pure oil is coloured a light yellow with hyponitric acid, 
while beech oil acquires a pink colour. Ammonia colours it a light 
yellow ; the consistency is slightly thick, and the soap is a little 
granular. 

11 Hkmpseed Oil. — The adulteration of this oil is always done with 
linseed oil. The pure oil treated by ammonia becomes yellow, thick 
and granular. 

44 Castob Oil. — This oil is generally mixed with black poppy oil. The 
adulteration is easy to detect with alcohol at 95° B. ; a certain quantity 
of oil agitated with this liquid is dissolved, and leaves the foreign oil as 
a residuum. 

41 Neat’s Foot O^l. — This oil is without doubt the most adulterated oil 
found in commerce. It is mixed with whale, black poppy oil, and olein. 

44 Oleic Acid. — This acid is often mixed with resin oil. The pure acid, 
treated with an acid solution of nitrate of mercury, yields a pale straw- 
coloured foam ; the resin oil yields a very dark orange foam. 

44 Palm Oil. — This oil has been mixed with or manufactured entirely 
of yellow wax, lard, mutton suet, coloured with turmeric, and aromatised 
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with powdered orris root, without any genuine palm oil. Tty treating 
the suspected oil with ether, all the fatty bodies are dissolved ; the tur- 
meric and orris root remain insoluble. 13y saponification the mixed or 
artificial oil takes a reddish shade, due to the action of the alkali on 
turmeric. Sometimes powdered resin has been mixed with it; this 
falsification is easily detected by treating the oil with alcohol : the resin 
is dissolved while the oil remains insoluble. 

“Cocoa-nut Oil. — The commercial oil is often adulterated with 
mutton suet, beef marrow, or other animal greases, sometimes also with 
the oil of sweet almonds and wax. The oil falsified by these substances 
does not completely dissolve in cold ether. The ethereal solution is 
muddy like that given by pure butler. The oil thus falsified has a taste 
and an odour less agreeable, a eolour rather greyish than yellowish, and 
has less consistency. The melting point is the best method of ascertain- 
ing the purity. Adulterated with greases or tallows the oil melts at 2 (>° 
to 2S° 0. (78’8° to 82‘4 C F.) ; with oil of sweet almonds it melts at 23° C. 
(73*4° F.) • 

“Laud. — Alterations. — Lard exposed to the air in jars not well closed 
becomes rancid and turns yellow. If kept in copper vessels, *or in 
earthen jars glazed with sulphide of Tead, it may, by contact with the 
air, attack the copper or the glazing, and then contain stearate and 
oleatic of copper or lead. The copper is detected by pouring on the 
grease a few drops of ammonia, which immediately becomes blub. A led 
colouration is given by a solution of yellow pmssiatc of potash. Lead is 
detected by burning the lard, and carefully examining the residuum to 
see if there arc any metallic globules. The residuum is then treated by 
nitric acid, which dissolves the metal. Filter, and to the filtrate add 
sulphuric acid, which gives a white precipitate. Laid may also contain 
an excess of water, which is ascertained by pressing and softening it 
with a wooden spatula ; the water oozes from it in the form of drops. 
P.y melting it at a low temperature the water separates from the grease. 
The principal adulterations of lard arc the addition of common salt, the 
admixture of a grease of inferior quality, or that of a kind of grease 
obtained by the cooking of pork meat. Plaster of Paris is sometimes 
added. The addition of salt is easily detected by digesting the lard with 
hot distilled water. The salt in the water is abundantly precipitated 
with nitrate of silver. The precipitate is white, soluble in ammonia, 
and insoluble in nitric acid; it becomes black when exposed to the 
light. Plaster of Faris is detected by melting in warm water the 
suspected lard. If it contains plaster, this falls to the bottom in the 
form of a white powder. The inferior greases are often very difficult of 
detection ; they are ascertained by the less white colour of the lard, and 
by a taste entirely different. The greases from the cooking of pork meat 
gives to the lard a greyish colour, a soft consistency, a salted and dis- 
agreeable taste. 
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“ Tallows.— -Tallows arc generally adulterated with greases of inferior 
quality. Water is also incorporated in them by a long beating. Cooked 
and mashed potatoes have been also introduced into them. Fecula, 
kaolin, white marble, and sulphate of baryta, are also added to tallows. 
The principal adulteration is the addition of bone tallow ; properly 
speaking, it is not a falsification, it is only a change m the quality of 
tlie product. The mineral matters, the fecula, and the cooked potatoes, 
are easily ascertained by dissolving the tallow in ether or sulphide of 
carbon. All the foreign substances remain insoluble, and their nature 
is then easily determined. Iodine water, or the alcoholic tincture of 
iodine, will colour blue the insoluble residuum if it contains fecula. 
This fecula can be determined in the tallow by triturating the grease 
with iodine water and adding a few drops of sulphuric acid. The blue 
colour will appear immediately if there be fecula. For the mineral 
substances there is a process as simple as the above to ascertain their 
presence in tallow. It is to melt the tallow in twice its weight of water ; 
the foreign substances are precipitated, and the grease floats on the 
surface. Instead of using ordinary water, the tallow may also be boiled 
for a few minutes with two parts acidulated water for one part of fallow. 
The whole is allowed to rest in a.tcst glass, or in a funnel placed over a 
water bath, kept at a tempcratuie of about 40° C. (104° F.), so as to 
prevent, the too rapid cooling of the tallow, and to give time to the 
impurities to separate and deposit. Iodine added in this last treatment 
will disclose the presence of fecula or starch. To ascertain the presence 
of water, knead dried powdered sulphate of copper with the tallow (half 
its volume of the powder). If there be much water, the mixture will 
take a blue colour if the tallow is white, and greenish if the grease is 
yellowish. As for the quantity of water added, the only way to ascertain 
it is by drying a sample in an oven. 

“ Physical Properties of Oils.— Fixed oils, at the ordinary tempe- 
rature, are nearly always liquid ; some, however, such as palm oil, cocoa- 
nu oil, &c., arc more or less consistent They are also more or less 
mucilaginous, with a feeble taste, sometimes disagreeable. Some are 
colourless, but generally they have a slight yellow tint ; some are of a 
greenish-yellow colour, and this colour is due lo a peculiar principle they 
hold in solution. Their specific gravity is less than that of water, all 
floating on this liquid, but it varies.” 
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CHAPTER XL 

STRAIGHT SAWS. 

Tiie proper selection, sharpening, and manipulation of 
the cutting tools used in wood ^conversion cannot but be 
a matter of the most vital importance in the productive 
efficiency of wood-working machinery, as, no matter how 
well designed or proportioned a machine may be, the use 
of tools unsuited to the work to be performed means less 
work turned out, inferior quality of work, and increased 
power expended to produce it. In no point connected 
with wood conversion do opinions differ so much as in 
what is the best shape and cutting angle of saw teeth ; 
this is best proved by the fact that there are at least one 
hundred different varieties in use. In discussing this 
question we trust we shall not be accused of being egotis- 
tical, as we simply give our opinion and nothing more ; 
at the same time we may be allowed to observe this 
opinion is not given on “ hearsay evidence/* but from 
absolute practical experience. 

The proper construction and use of saws involves 
many important scientific points that are unfortunately 
much neglected ; especially in countries where timber is 
plentiful the scientific use of saws is practically ignored, 
the result being an enormous waste of material and 
power. 
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Saws for the conversion of wood driven by other than 
hand-power may be divided into three classes: 1, recipro- 
cating or mill-saws ; 2, rotary or circular saws ; 3, endless 
band or ribbon saws. 

The straight saw is by far the most ancient of the 
various saws now in use, perfect representations of it 
having been found on Egyptian and Grecian monuments 
supposed to be thousands of years old. The saws there 
shown appear, however, to be arranged with a cutting 
action exactly the reverse of our own, i.e., with a pull 
cut instead of a thrust, and we believe this plan is still 
pursued in many parts of Asia and Japan. 

Within the scope of these pages it will be impossible 
to (Jo more than glance at some of the most useful and 
prominent forms of saw .teeth ; but, should our readers 
desire to extend their knowledge of the art of saw-filing, 
we can recommend them to peruse the undermentioned 
book.* So that no confusion may exist as to the terms 
used in describing the parts of a saw, we may give the 
following brief explanation: — Space . — The space is the 
distance from tooth to tooth, measured at the points. 
Pitch. — The pitch of a tooth is the angle of the face of 
the tooth up which the shaving ascends, and not the 
interval between the teeth, as with the threads of a 
screw. Gullet . — The gullet, or throat, is the depth of 
the tooth from the point to the root. Gauge . — The 
gauge is the thickness of the saw, and is generally mea- 
sured by what is known as the Birmingham wire gauge. 
Set. — The set *is the amount of inclination given to the 
saw teeth in either direction to effect a clearance of the 
sawdust. Hake . — The rake of a saw is the angle, or 

* “Saw-s, their Care and Treatment,” by H. W. Durham, 
M.I.Mech.E. (Rider and Son, Ltd.). 
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u 'lead, M to which the teeth are inclined. Points . — Small 
teeth are reckoned by the number of teeth points to the 
inch. 

The chief points to be borne in mind in selecting a 
saw with the teeth best suited to the work in hand are 
the nature and condition of the wood to be operated on. 
No fixed rule can, however, be laid down, and the user 
must be guided by circumstances. All mill web saws 
should be ground thinner towards the back of the saw, as 
less set is thus necessary, the friction on the blade is 
reduced, and the clearance for sawdust improved. Care 
should also be taken that they are perfectly true and 
uniform in toothing and temper^ The angle of the point 
of a tooth can be found by subtracting its hack angle 
from its front, and to do the best and cleanest work this 
angle should be uniform in all the teeth of the saw. 

As we have before remarked, there exists an immense 
variety in the shape of the teeth employed. Those most 
generally in use are known in this country as the peg, 
gullet, fleam, hand saw, mill saw, and the M tooth. 
False teeth are used to a considerable extent in America, 
hut owing to the undue waste of timber, and the excessive 
power required to drive them, they are entirely unsuited 
to English practice. 

As regards the angles of the teeth best adapted for 
cutting soft or hard woods no absolute rule can be laid 
down. The following, however, may be given approxi- 
mately, and modified according to circumstances. If a 
line be drawn through the points of the teeth, the angle 
formed by the face of the tooth with this line should 
be: — For cutting soft woods, about 65° to 70°, and for 
cutting hard wood, about 80° to 85°. The angle formed 
by the face and top of the tooth should be about 45° to 
50° for soft wood, and 65° to 70° for hard. It will thus 
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be seen that the angle of the tooth found best for cutting 
soft woods is much more acute than for hard. Some 
years back some interesting experiments to determine 
the best form of teeth for frame saws were made at the 
works of Messrs. Leistler Bros., Vienna. The saws 
were worked by vertical reciprocating mechanism of the 
ordinary character. 

The kinds of wood experimented upon were pine, oak, 
lime-tree and mahogany, and saws of three different 
forms of teeth were used. The teeth of saw we will call 
No. 1, were set at right angles, the angle at the breast 
90°, at the point 42°, and at the hack 48°, the breast was 
perpendicular to the grdtmd — with this saw 41 experi- 
ment# were made. Saw No. 2 had overhanging teeth, 
the angles being at breast 74°, at point 26°, and at back 
48°— with this blade 25 trials were made. Saw No. 3 
had back springing teeth, the angle at breast being 106°, 
that at the point 58°, and that at the back as before 48° 
— with this saw 26 experiments were made. Tables were 
given containing the results of these trials, which may be 
briefly summarised as follows: — As regards pine, the 
results with all the saws were so nearly equal, that 
it would seem that the shape of the teeth is of little 
importance ; but this conclusion we ourselves cannot by 
any means agree to. 

For sawing oak and mahogany, saw No. 1 is the worst. 
No. 2 considerably better, and No. 3 slightly the best. 
For sawing lime-tree, saw No. 1 is the worst. No. 3 
slightly better, and No. 2 decidedly the best. The 
power required to saw the lime-tree was stated to be 
nearly double that necessary for the other woods experi- 
mented on. 

The action of a saw when used for ripping or cutting 
with the fibres of the wood is entirely different from one 
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used for cross-cutting or severing the fibres of the wood 
transversely; the shape of the teeth and the method of 
sharpening should be therefore entirely different. In the 
case of a ripping saw the action of the saw is chiefly a 
splitting one, the revolving or reciprocating saw teeth 
acting like a series of small wedges driven into and sepa- 
rating the longitudinal fibres of the wood, whilst with 
cross-cutting saws the fibre of the wood has to be severed 
across the grain and is comparatively unyielding, and the 
teeth of the saw meet with much more resistance, and it 
is found necessary to make the teeth considerably more 
upright, and more acute or lancet-shaped in their form, 
than for cutting with the grata The faces of the teeth 
should be sharpened to a keen edge, and for hard.wood 
filed well back, so that in work they may have a direct 
cutting action, similar to a number of knives. Care 
should also be taken that the teeth are made of sufficient 
depth to afford a free clearance for the sawdust. This is 
an important point also with ripping saws ; but how often 
do we see stumpy, ill-shaped teeth allowed to do duty, 
with a corresponding loss in the quality and quantity of 
the output, and an increase in the power used? The 
teeth should also be equal in length ; if not, the longest 
teeth get the most work, and the cutting power of the 
saw is much lessened. The length of the teeth should 
depend on the nature of the wood being sawn ; for sawing 
sappy or fibrous woods, long, sharp teeth are necessary, 
arranged with ample throat space for sawdust clearance : 
care must be taken, however, that the teeth are not too 
long, or they will be found to spring and buckle in work. 
In sawing resinous woods, such as pitch pine, the teeth 
of the saw should have a considerably coarser set and 
space than for hardwoods. It will also be found advis- 
able — especially with circular saws — to lubricate the 
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blades well, as the resinous matter is thus more easily 
got rid of. This can be done by arranging a series of 
small hard lubricating brushes in a frame and making 
the blades to pass through them occasionally. In sawing 
hard woods, either with reciprocating or circular saws, 
the feed should not be more than one-half as fast as for 
soft wood ; the saw should contain more teeth, which 
should be made considerably shorter than those used for 
soft wood, roughly speaking about one-fourth ; it is im- 
possible, however, to make a fixed rule, owing to the 
great variety of woods and their different hardnesses: 
the length of teeth which may be found to suit one wood 
well, may in another efise require to be increased or 
decreased. 

In sawing some of the Woods found in Queensland and 
Brazil, and many tropical woods of extreme hardness, it 
is necessary to have a very slow rate of feed, especial 
means for holding the wood steady, and an increased 
number of saw-teeth placed nearly upright, of reduced 
depth, and spaced finer. Tapered mill saws are perhaps 
the best form to use, and the set of the teeth should be 
much reduced. 

In cutting woods which are much given to hang and 
clog the saw-teeth, increment teeth may be used with 
advantage ; these are arranged with fine teeth at the 
point of the saw, which gradually get coarser till the heel 
of the saw is reached : thus the fine teeth commence the 
cut and the coarser ones finish it, thus obviating in a 
great degree the splintering and tearing of the wood 
caused by coarse teeth striking the wood at the com- 
mencement of the cut. Great care should always be taken 
in straining and packing mill saws in their frame, and the 
right amount of lead or overhang given to them ; any 
time spent in this way is amply repaid by the better 
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quality of the output. A complete set of numbered 
packing pieces for every thickness of cut should always 
be kept on hand. It will be found advantageous to keep 
these in pigeon holes or on nails, with the sizes marked 
near. All packing pieces should be accurately gauged, 
and sawyers should not bo allowed to run about and make 
them as wanted, as those made in a hurry are as often as 
not out of truth. It is often amongst sawyers a point of 
competition as to who can run saws of the thinnest 
gauge; this is all very praiseworthy if not earned to 
excess : but if it is, more time is wasted in keeping the 
saws in order than is gained from the use of the very thin 
blades. • 

With the object of lessening the labour in gullqting, 
saws are now often made with*a series of holes punched 
through the plate from the root of the tooth onwards ; 
this lessens considerably the labour required when saws 
are gulleted by hand, and should prevent undue expan- 
sion, but the friction in working would probable be some- 
what increased. 

In single-bladed saw frames used for sawing panels, 
breaking down valuable woods, &c., reciprocating saws 
with a double cut are generally used ; in these one-half 
of the saw teeth are inclined in one direction from the 
centre of the blade, and the other half in the opposite 
direction. It will be found advisable with these saws to 
support them in the centre of their cut by means of ad- 
justable guides or packing pieces, which will cause them 
to run truer and be less likely to buckle* especially if of 
thin gauge* 
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Many of our preceding remarks on saws and saw teeth 
will apply equally well t<J circular as to straight saws, and 
it is»quite as important that the teeth of circular saws to 
do good and effective wdrk should be: 1, teeth of the 
correct shape for the nature of the wood sawn ; 2, teeth 
correct and equal in pitch, space, bevel, gullet, length, 
and set. This list may appear somewhat formidable, 
but users will soon find that any reasonable amount of 
time spent in keeping saws in fine condition, and working 
them in what may be called a scientific manner, will 
rapidly repay itself. 

Owing to the speed at which the teeth of circular saws 
are made to run, the cutting action of the teeth on the 
wood may be considered practically continuous; there- 
fore, to allow of more space or throat room for the clear- 
ance of the sawdust, the teeth are set further apart than 
in reciprocating or mill saws. They are also made more 
inclined, and are set coarser. The circular saw has the 
disadvantage of requiring large power to drive, and it 
also wastes a considerable amount of wood. These 
drawbacks are, however, more than counterbalanced by 
its ready adaptability and speed in converting all kinds 
of wood. 
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Before commencing to sharpen a circular saw, care 
should be taken that is 'perfectly round. This can be 
done by placing the saw on the spindle, and running 
down the points of the projecting teeth by means of a 
lmrd piece of stone. 

It has of late become somewhat the practice to decrease 
the number of teeth in the periphery of circular saws, 
and we are rather inclined to favour this, as more throat 
space is given for the clearance of sawdust, and less 
power is required to drive, unless it is carried to excess, 
as it has been in some cases in America, where large 
saws, carrying only eight teeth, have been run, and in 
one case we have read of in California, a saw, euphoniously 
called the “Woodpecker,” with only two teeth, is of w r as 
in operation. In the successful working of circular saws 
much depends on the speed of the saw teeth being suit- 
able to the material operated on. The writer has tested 
this on various timbers, and with different kinds of saws, 
by placing a four-speed cone pulley on the saw spindle in 
lieu of the ordinary fast and loose pulleys. This ar- 
rangement, however, would necessitate a considerable 
alteration in the machines and shafting at present in use, 
and the same effect may be gained by using different 
diameters of saws ; the improvement in the sawing with 
varying speeds was very great. Thus, in sawing oak and 
other hard woods, the speed of the saw teeth and feed 
were both reduced with marked advantage, the teeth at 
same time being more in number, smaller in size, and 
more upright in position, whilst in tht case of cross- 
cutting, when the action of the saw is essentially a 
cutting one, the speed of the saw can be increased with 
advantage. As we intend elsewhere to give a few notes 
on speeds in wood -working machinery, we will not here 
dwell further on this point. We hear that circular saws 
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are now being made in America in three layers, each side 
of cast steel, and the inner layer of wrought iron; we 
should be glad to know how this plan answers, as, owing 
to the different densities of the metals, one would expect 
the expansion and contraction to vary also, though pos- 
sibly not sufficiently to open the joint of the weld. It is 
found in practice that a thin gauge saw requires more 
teeth tliap a thicker one to make it stand to its work ; 
this consumes more power, but the work turned out is 
cleaner : at the. same time the writer is of opinion that 
more is lost than gained by the use of circular saws of 
extremely thin gauge. If very fine circular sawing is 
required he recommends the use of a “ground off’* saw. 
Care should be taken in sharpening saw teeth with a hook 
to them, such as is found in the different forms of gullet 
and brier teeth, that too much hook or inclination is not 
given to the teeth, or they will be found to dig into and 
draw the wood and run out of truth, and, should the 
temper of the saw be hard, they may break off. 

The guarding of circular saws must be carried out in 
accordance with the Home Office Regulations (see Chapter 
XXIX.). Guards are not usually supplied with the saw- 
benches unless as an extra. A typical saw-guard that has 
stood the test of time is the Glover Ideal. This not only 
efficiently protects the operator, but is constructed to avoid 
the tendency that operators have of dispensing with heavy 
or cumbrous patterns. The above guard is made of steel 
and brass, and is as light as is consistent with efficiency. 
It is quickly adjusted for saws of various diameter and also 
for depths of cut. If the maximum depth that the saw can 
cut is to be marked on there is no necessity to move the 
whole guard, as by slacking the turn-screw the hinged wing 
can be readily raised or lowered. 

For work that is of a repetition nature, there are a number 
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of very simple types of saw-guards on the market, made by 
the above and other manufacturers. 

It should be borne in mind that it is now necessary to 
guard the saw below the bench also. See Home Office 
Regulations, p. 373, Chapt er XXXIX. 



A great point in working either straight or circular 
saws is to keep all the teeth to tlieir proper and uniform 
shape ; this is somewhat difficult to do, unless a standard 
template of several teeth is made and used : the author 
has devised for circular saws a plan (fig. 17) for using 
templates, which he has found extremely useful and 
exact in operation. When a circular saw is being 
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sharpened, either by a machine or in a hand vice, it is 
usually mounted on a stud. On this stud is mounted a 
light flat radial arm, which is made adjustable to and 
from the centre of the saw; the standard template of 
the saw teeth, which should be made of sheet steel, is 
mounted in the end of this radial arm, and is made to 
bear flat against the saw plate : thus, as the teeth of the 
saw are traversed round by hand, the exact shape and 
depth of the teeth can be filed from the template; the 
same plan can readily be adapted to mill saws. 

Saw Teeth. 

• 

Out of the multiplicity of saw teeth designed we illus- 
trate herewith a series of teeth which are largely in use in 
this country, and which we can strongly recommend for 
efficiency in working and simplicity in keeping in order. 
We hear of wonderful results accomplished by some 
American teeth of somewhat extraordinary design, but 
the author, being unable to speak of them from absolute 
experience, prefers not to hazard an opinion as to their 
merits, and he must say it would require a great deal of 
argument, or rather ocular demonstration, to convince 
him of the great advantages accruing from the use of 
several of them ; take, for instance, one known as the 
“ too common saw,” in which the teeth are arranged in 
the most irregular manner, and are of all kinds of shapes, 
sizes, and heights'. 

Fig. 18 is a form of gullet tooth well adapted for ordi- 
nary log and deal frame sawing. This form of tooth is 
very good for both soft and hard wood. When used for 
the latter, as we have before mentioned, the teeth should 
be shorter and with less pitch. It is desirable to have 
several sets, of blades toothed and sharpened to suit 
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woods of different hardnesses, the angles of the teeth for 
soft wood being made more acute, and those for hard 
wood more obtuse in ratio to the varying densities ol* the 
wood. 

The action of reciprocating saws is similar to that of a 
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mortise chisel, and should strike the wood at one angle, 
whilst with circular saws the toeth are cutting the wood 
at a variety of angles at the same time. 'The Sfiwver 
should not be anxious to produce line sawdust, as often 
when this is done the saw is scraping and not cutting 
freely, at the same time more power is being consumed. 
The saw dust from a mill saw which is cutting sweetly 
should be like extremely minute chips from a mortise 
chisel. 

Tig- 19 represents a form ol* peg tooth for mill-saw 
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webs, suitable for deal and soft wood sawing ; these are 
often made with square gullets, but We prefer them 
rounded, as they are less liable to track at Ihe root. 
Formerly the old hand saw tooth was largely used in mill 
saws, but is rapidly giving way to other forms ; one of its 
chief objections is that when it is set a sharp corner is 
presented to the wood, which rapidly wears away, and the 
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teetli then scrape instead of cut. The throat space of 
saw teeth should be varied according to the depth of the 
wood being cut, as it will be seen at a glance that teeth 
with a sufficient throat space to allow the sawdust to 
escape freely in sawing, say 11 in. deep, would probably 
become jammed in sawing double the depth. 

Fig. 20 represents a capital form of mill saw tooth for 



circular sawing in either soft or hard wood ; it is easily 
kept in order, and has ample throat space Ibr the clear- 
ance of sawdust, and the author can recommend that and 
fig. 21 as being the best forms of teeth, for “all round 
work,” with which he is acquainted. Fig. 21 is a gullet 
tooth, and one that can be recommended for all kinds of 
circular sawing; the angle shown in the sketch will be 
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found suitable for all kinds of wood of medium hardness, 
whilst for sawiifg oak and other very hard woods the 
teeth need only he set more upright, and in some cases 
increased in number. This tooth, having a wide base, is 
very strong, stands well to its work, and is much less 
likely to bend or break than most other forms. 

Fig. 22 represents perhaps the best form of tooth for 
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cross-rutting by means of a circular saw. It is known as 
the dog tooth, and is a near neighbour to the fleam or 
lancet tooth. It is placed perfectly upright, and is easily 
kept in order. The points and spaces should be the 
same angle, i.c ., 60°. As we elsewhere remark, to do the 
most satisfactory work with this or any other cross-cut 



saw, the speed of the saw shpuld be greater than when 
ripping. 

Fig. 23 show's an American M tooth, especially adapted 
for straight saws for cross-cutting either by hand or 
power. It is extremely rapid in its action. The bevel 
of the middle tooth regulates the extent of the cut, and 



the more this tooth is bevelled the faster the saw cuts, 
but the more power it requires to drive it. The squarer 
the bevel of the tooth is made the slower the saw cuts, 
and less pow r er is required in proportion to work it. The 
outer teeth of each section are sharpened and cut after 
the manner of a rip saw\ The work turned out b} r this 
saw is cleaner than by most other cross-cut caw r s with 
which we are acquainted. 

We have refrained from noticing many others of the 
multiplicity of saw teeth ; doubtless there are good ones 
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amongst them, and also many bad ones; amongst the 
latter the author classes those complicated forms of teeth 
that were at one time so much the fashion in America ; 
the action of some of these may perhaps be correct theo- 
retically, but utterly impracticable in use. Almost any 
form of tooth can be driven through wood by sheer force, 
but the points we should try to combine in a saw tooth 
are : 1, a tooth that gives a good quality of output ; 2, a 
tooth requiring small power to drive ; 3, a tooth that is 
rapid in its action and easily kept in order. 

Whatever teeth are chosen, if they are found to spring 
and tremble m work, it may safely be concluded that 
they are unsuited to the. work in some way, probably 
either § too long, or too hooked, or too thin a gauge. 

By an ingenious modification of the saw teeth, a special 
type of saw giving a surface in the cut nearly equal to rough 
planing has lately been introduced. It is called the “ saw- 
plane/* and its makers claim its output to be practically 



vie. 23.\. 


as large as an ordinary circular saw. The illustration, 
Fig." 23a, does not very clearly show its form, but only gives 
a general idea. It is not set in the ordinary sense of the 
term, but the necessary clearance is obtained by its being 
hollow ground. 
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CHAPTER XIII. 

SAW FILING. 

An immense difference of opinion exists ns to the best 
method of filing a saw; the introduction of machine 
sharpening by means of an emery wheel has worked 
quite a revolution in the art of saw filing, hut for the 
benefit of those who do not employ a machine a few 
hints may not be out of place. It is, however, almost 
impossible to properly describe the operation m writing, 
at any rate without an elaborate system of drawings. 
Tlie great point to aim at is to file each tooth so that it 
will take its allotted share of the work. To effect this 
the cutting angles of the saw, together with the set, 
should be exactly uniform, so uniform that one authority 
on the subject says, “ the true criterion of sharpening 
and setting is the perfection of the angular groove, dis- 
covered by glancing along the tooth edge, and which 
ought to be such as to allow a needle placed in it to 
traverse from end to end of the saw without falling out” 
We are afraid, however, this historical needle would very 
soon come to grief in some of the mills we know of, 
where scientific sharpening is the exception and not the 
rule. Before commencing to sharpen a saw, care must 
be taken that it is held firmly, or accurate sharpening 
will be very difficult, and at the same time the saw file 
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will be soon stripped and worn out should there be much 
vibration. For sharpening saws, the files employed are 
triangular, flat, round, and half-round, to suit the various 
angles and shapes of teeth. A saw vice arranged to angle 
for gulleting should be used. For hand filing the port- 



fig. 24. 


able vice we illustrate herewith (fig. 24) will be found 
very useful, especially lor outdoor work, as it can be 
cramped to any board or table and set to any desired 
angle. The angling can be secured for mill saws by 
mounting the vice on quadrant joints, or for circular 
saws the vice may be mounted on a ball and socket joint, 
which will allow it to swivel in any direction. The saw 
will be held much steadier if thin sheets of lead are 
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placed between the jaws. Teeth set towards the operator 
should never be filed at the same time as those set from 
him, but the saw should be reversed. Mr. Grimshaw, in 
his book on Saws, says “ the saw file should be held for 
hard woods 90° to 80° horizontally ; for soft woods 70° to 
60°, and less, the vertical angle being half the horizontal 
and less important. First, top the teeth by passing the 
file lengthwise over them, to equalize their length, bear* 
ing harder on the ends, where there is least wear. File 
the faces or fronts before the tops. When the teeth are 
to be square file in regular succession 1, 2, 3, 4; when 
the file is inclined, so as to give ‘ fleam,’ file 1, 3, 5, 9 
to right, 2, 4, 6, 8 to left. In. filing a gullet tooth for 
ripping use a pit saw file smaller than the gullet ; first 
make gullets very obliquely in the vertical plane, first 
filing the face of one tooth and the back of the other; 
then file tops of teeth with flat side of the file, at an 
angle from 5° to 40° with the edge, and 80° to 60° with 
the side of the blade, the 5° to 80° being for the hardest 
and 40° to G0° for the softest woods. File the front of 
all teeth set from you, and the back of those set towards 
j t ou. Some sawyers recommend going over a saw several 
times to get the keenest and best results. The last teeth 
of hand cross-cut saws should be rounded at the points 
to prevent tearing on entering a cut. Band saw files 
should be used with rounded edges. Never file a circular 
saw to a proud edge, but file on the under side near to an 
edge, bearing lightly.” Separate single or double cut files 
are usually employed, but we have lately seen a double- 
ended file with one end cut coarse and the other fine. 
This should be very useful under circumstances where a 
number of files are not readily at hand. 

One of the difficulties of hand saw filing is to get the 
bevels on each side of the teeth exactly alike, which is 
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especially necessary in peg, fleam, and similar teeth. A 
number of mechanical arrangements to effect this object 
have been tried with more or less success; in the best 
with which we are acquainted, there is a circular casting, 
divided and indexed from its centre each way, giving 
bevels for each side of the saw, or square across. The 
file is fitted into a handle, and is held by a set screw, and 
may be readily turned so as to use any corner of the file. 
The index shows the pitch at which the file is set, and a 
rod passes through holes in the graduated ring, and guides 
the file. The frame upon which the ring is held slides 
in grooves cut on each side of the vice in which the saw 
is fixed ; a table connected with the guide is arranged and 
indexed, so as to give the required bevel and pitcli for the 
kind of saw to be filed, and it is only necessary to set the 
ring for the bevel and the indicator for the pitch, and the 
apparatus is ready for use. As the filing is proceeded 
with from tooth to tooth the frame follows, giving the 
same bevel, pitch, and size to each tooth, on one side 
of the saw the same as on the other, thus leaving the 
saw, when finished filing, with the teeth all uniform 
in size, pitch, and bevel, so that each tooth will do its 
share of cutting equally with the others, thus turning out 
more and better quality of work with a less expenditure 
of power. 

As we have elsewhere remarked, no exact rule can be 
laid down as regards filing the bevel on the back edge of 
the tooth, but speaking generally the softer the wood the 
more bevel should be put on the tooth, and the harder it 
is the less beveL The following points should be borne 
in mind : in straight cross-cut saws the cutting is all 
done by the outside edge of the tooth, and the more 
bevel there is put on the point of the tooth the deeper it. 
will cut; care must, however, be taken that it is not 

L 
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made to cut too deep, as, unless there is ample clearance 
for the sawdust, the saw will be found to jam and buckle. 
In cutting different kinds of wood, it is the bevel of the 
point of the tooth which should be varied and which 
governs the cut of the saw. In cross-cut saws the 
cutting edge of the teeth should not be made too inclined, 
or they will be found to drag in the cut. After filing a 
saw, any feather on the cutting edges of the teeth should 
be removed by rubbing a whetstone or smooth file over 
them; this spreads the cut of the tooth, and does not 
confine it to its extreme point. In practice it will be 
found advantageous to have a tolerable variety of saws 
for different classes of work, <and not to make two or 
three do duty for everything. 

« 

Gulleting Saw Teeth. 

A saw to be sharpened properly should have the gullets 
of all its teeth sunk to one even depth ; formerly this was 
done by hand, or with a gullet'/ng press, hut both of these 
plans have now given way to the saw-sharpening machine, 
in which an emery disc, revolving at a high speed, is used. 
The use of a saw-sharpening machine for gulleting, if 
judiciously handled, is a great improvement over the old- 
fashioned fly or gulleting press, which, in punching out 
deep gullets, often sprung the saw-plate and necessitated 
its being hammered. In America gullets are often cut by 
a milling cutter, arranged with an automatic feed and a 
stop adjustment to regulate the depth of gullet; hut, so 
far as we are aware, they are not at present in use in this 
country. In gulleting or sharpening with an emery wheel, 
it will be found best to have it mounted on a small steel 
spindle running in centres, and fitted in a counter- 
balanced swinging carriage ; this carriage can be brought 
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down to the saw by hand, and by means of a quadrant 
can be set to any desired angle. An arrangement regu- 
lating the depth of gullet and space of teeth should also 
be fitted. The vice holding the saw should have both a 
lateral and transverse motion. A set, consisting of 
round, square, and bevelled-edged emery discs, should 
be employed; the grit of these should be of dif- 
ferent degrees of fineness. As regards speed, we have 
found a rate of from 4,500 to 5,000 ft. per minute at the 
periphery of the disc very suitable. As discs are occa- 
sionally unsound in texture, a guard, to prevent acci- 
dents, should in all cases be fitted. The use of the 
emery discs for gulleting or sharpening saws has in some 
quarters been condemned. This has chiefly arisen from 
the discs being improperly used, and the saw teeth made 
too hard, or burnt by being pressed too hard ly the 
revolving emery disc. To sharpen a saw properly, the 
touch of the emery disc should be light; and should it 
be necessary to remove much steel, as is the case if the 
teeth have been allowed to get stumpy, instead of forcing 
the wheel as hard as possible on to the saw-plate, making 
it become blue or red from the heat, and thus destroying 
the nature of the steel and rendering the saw liable to 
crack or the teeth to break off when in work, the opera- 
tion of gulleting should be repeated lightly several times. 
The emery disc itself also often becomes glazed, and 
refuses to cut without great pressure, or until its face is 
dressed or roughened. If a deep gullet is required, a 
moderately coarse grit wheel should be employed, and it 
will be found a great saving of time to have a set of 
emery discs already mounted on steel spindles, so that 
they may be readily slipped in and out of the machine, 
as the shape of the teeth or the nature of the operation 
may require. For topping and finishing the teeth a fine 
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grit emery wheel should be used, A vitrified emery disc 
is being used with success. In this disc the material by 
which the grains of emery are united in a solid mass is 
somewhat softer than the emery, and allows the worn-out 
particles of emery to break away and new ones to present 
themselves. A tolerably deep gullet will be found ad- 
vantageous in working, but if too deep the teeth will be 
weakened at their base and not stand to their work* 
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CHAPTER XIV. 

SKTTIXfi SAWS. 

A veiiy important point in the successful working of 
saws is their proper and uniform setting. This is often 
done by rule of thumb, a very stupid and wasteful plan ; 
in aft cases a gauge should be used. The usual practice 
of setting is to bend by means of a saw-set the teeth 
alternately to the right and left. If carefully done the 
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author prefers the plan of setting by means of a blow 
given by a hammer or crotch punch, as the teeth stand to 
their work better and require less frequent setting, H being 
found, especially with thin gauge saws, that the teeth 
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have a constant tendency to assume tlieir original posi- 
tion; this is, however, more especially the ease with 
spring-set saws. In setting with a hammer or punch, a 
series of smart, light blows in preference to one heavy 
one should bo given, and the teeth should he curve-set, 
and not to a sharp angle, and bo a little coarser than is 
absolutely required in work. 

For bending or spring-setting saws equally and to one 
exact line we can recommend the contrivance we illustrate 
herewith (fig. 20). This set (Morrill's patent) is adapted for 
sotting either circular, mill saws, hand or band saws, and 
should a saw be found to bind at any particular point, 
the tooth can with this contrivaifcc be set into line and 
any excessive friction reduced. When once the instru- 
ment is fixed, it is impossible lo overset a tooth. Its 



operation will be readily understood from the accompany- 
ing diagram and directions for use : — 

Direction* for v ,s \mj . — Hold tlie saw as soon in tho diagram, tho saw 
and set level, wiili the teeth upwards : adjust the die J>, by means of the 
screw A, in the end of the set. so as to have the ancle on the die I> come 
near the base of tin* tooth, on a fine saw. On a coarse saw, have the 
an^le of the die strike the tooth about two-thirds down hum the point. 
Set. the guard E, on tho under side of the set forraid, to about -Jin. 
/mm the die 15. then let the set hang loose on the saw*. 

When thus held, the space between the tooth and the 
die shows the amount of set you will he giving the saw. 
To increase the set, move the guard E still closer to the 
die. To decrease the set, move the guard back. 
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In practice it will be found that a saw perfectly set will 
work much freer, cut smoother, and altogether do better 
work than an imperfectly set one, at the same time it will 
waste less wood, as less set is required on a truly and 
equally set saw. In working it is found that the teeth 
of a saw wear at the side of the points, and if some teeth 
have more set than others these are strained unduly and 
rapidly worn away, and from the severe and uneven frac- 
tion are often heated and are inclined to buckle and run 
from the line. In using spring set it is necessary to 
somewhat overset the saw to compensate for the tendency 
of the teeth, especially when worn and dull, to spring 
back to their original position. The importance of even 
setting is quite as great when the teeth are set or spread 
by a blow, and if well doile this form of setting will bo 
found to stand considerably more work than spring 
setting. In setting circular saws with a blow the best 
plan we are acquainted witli is to fit the saw horizontally 
on a stud arranged in a wooden frame having a transverse 
movement. A small steel anvil with a bevelled face 
should be placed at one end of the frame, and the saw 
traversed backwards or forwards for the teeth to overlap 
the anvil centre the distance of the set required. In set- 
ting saws especial care must he taken that the teeth only 
are set say about one-third of their depth, and that the 
plate itself is not strained, or it will be found to heat 
rapidly when in work, and run out of truth. It was 
formerly the practice in setting saws to bend alternately 
some half dozen teeth to the right and left hand ; this 
plan, however, has been done away with in favour of 
setting single teeth alternately, as an irregular, ridgy cut 
was produced. We need hardly say that in setting saws 
the operator should exercise his judgment as to the 
amount of set required to suit different kinds or condi- 
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tions of wood, as it is both list loss and wasteful to give 
a saw more set than is absolutely necessary. 

Saws set. by the blow of a hammer or punch are apt to 
he more irregular than spring-set saws; the operation 
should therefore be very carefully done. Clearance is 
often obtained for a saw by jumping or widening the 

points of the teeth by means 
of a crotch punch arranged 
with two elastic V notches 
(see fig. 27), which are driven 
on to the points of the 
teeth ; the second notch, 
being rounded, spreads the 
teeth points out : we Jhink 
this plan, especially for circu- 
lar saws of stout gauge, has 
much to commend it, as it 
condenses the metal some- 
what, and the points of the 
saw’ are strengthened and 
supported by the bend of the 
arch formed by the crotch 
punch : it is, however, some- 
what more difficult to secure 
perfect uniformity of the 
teeth, so important a con- 
sideration in any kind of setting. In setting teeth 
with a hammer or punch the teeth should he constantly 
tried with a gauge or straight-edge, so that all the teeth 
should be exactly in line ; .if this is not so, the advan- 
tage's derived from these methods of setting will in 
a great measure he nullified. We have seen saws working 
with part of the teeth spread set and part spring set, hut 
the difficulty of keeping these exactly uniform neutralises 
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any advantages the plan may possess. Our illustration 
(fig. 28) represents a very useful form of tooth for 
vertical or mill-web saws ; B shows the method of set- 
ting or upsetting the teeth alternately with a crotch 
punch instead of spring setting ; C shows the chisel-like 
action of the saw’s teeth on tin' wood, and the angle at 
which the chip or saw-dust is cut. 

For saws over 3 ft. in diameter the author is much in 
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favour of setting the teeth bv spreading or widening them 
at the points with a crotch punch, instead of spring or 
other setting, and they will, if thus treated, he thinks, 
stand better to their work, as stout teetli are much less 
strained by this plan than by any other with which he is 
acquainted. 

In concluding our notes on saw setting it may be 
interesting to- note that the art of setting was evidently 
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known and practised some two thousand years ago at 
least, as Pliny, writing a.d. 79, says, “ Green wood fills 
the intervals between the teeth of the saw with sawdust, 
rendering its edge uniform and inert ; it is for this reason 
that the teeth are made to project right and left in turns, 
so that the sawdust is discharged.” 


Gauges of Saws. 

To work successfully it is important that the gauges ol 
the saws are suitable to the work to be performed, not so 
thick as to waste unnecessarily power or wood, or so thin 
os to give constant trouble to keep in order. Straight or 
mill-saw webs used in machines with a reciprocating 
motion can be worked of a much thinner gauge than 
circular saws for cutting the same depth of wood. For 
ordinary purposes the following gauges will be found 
suitable : — 

Saws up to 3 ft. 6 in. long, 15 gauge ; saws 4 ft. long, 15 
gauge full ; saws from 4 ft. to 5 ft. G in. long, 14 gauge ; 
saws 6 ft. long, 14 gauge full ; saws from 6 ft. Gin. to 7 ft. 
long, 13 gauge ; saws of less than 15 gauge, unless for 
light, easy work, the author does not recommend. 

For all ordinary purposes of circular sawing the gauges 
given herewith will be found suitable, but for special pur- 
poses, or special kinds of wood, they can be increased or 
decreased os experience directs : 
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Diameter of 
Circular Saw 
in Inches. 

B. W. Gauge. 

Diameter of 
Circular Saw 
in Inches. 

1 

B. W. Gauge. 

12 

17 

50 

8 

14 

Kt. 

52 

8 

10 

10 

54 

7 

18 

15 

56 

7 

20 

14 

58 

6 

22 

14 t. 

60 

6 

24 

13 

62 

6 

2G 

13 

64 

6 f . 

28 

12 

66 

6 f. 

30 

12 

68 

6e. 

32 

12 

70 

5 

34 

12 1. . 

72 

5 

3fi 

11 

74 

5 

38 

11 

76 

5 

40 

lit. • 

78 

5 

42 

10 e. 

80 

6 f . 

%4 

10 

82 

5 f . 

4(i 

9e. 

' 84 

5 f. 

48 

9 




T, signifies tight, e, easy, f, full. 


Saws Running Out of Truth. 

The author has on several occasions had correspondents 
write to ask. Why do my saws run out of truth ? This, in 
any specific case, is a question more readily asked than 
answered, as the reasons for saws running are many, and 
what may cause a saw to run in one case may be entirely 
absent in another, and can only be decided with any 
degree of certainty by a close inspection of the saws and 
machine in work, and even then it is sometimes difficult 
to immediately detect the true reason. The principles 
involved in cutting timber with saws, and the art of saw 
filing, are highly scientific questions, which deserve, but 
do not obtain, the close attention and study of all those 
interested in the conversion of wood, and I think we 
should look for information quite as much to saw-mill 
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owners, who are the user s, as to engineers, who simply 
design and make the machines. From my experience of 
saw-mills, I must say the majority of owners appear to 
pay comparatively little attention to the proper form of 
tooth and condition of saws employed, and are satisfied if 
they will turn out work after a fashion, the result being a 
considerable loss in the amount of power and reduction in 
output, and inferior quality of work. 

There are many reasons why saws run out of truth. 
We may mention the following : — 1, saws of too thin a 
gauge for the work ; 2, irregular setting or improper form 
of tooth employed; 3, insufficiency of clearance for saw- 
dust; 4, too rapid a feed, avhieli will cause saws to 
buckle; 5, a saw blade of too mild a temper; P, wrong 
amount of “lead” or “rake” on the saw; 7, saw not 
strung tight enough ; 8, saw (circular) not compensated 
or distorted enough when cold to run true when warm; 9, 
saw teeth allowed to get out of space ; 10, saw running at 
too great a speed. Much also depends on the kind of 
timber being sawn, and if the teeth and gauge of the saw 
are suitable for the work, and the teeth evenly and equally 
set. If they should be set more to the right hand than 
the left they will, of course, run out of truth. 

We have already given some half dozen of the most 
general reasons for saws running out of truth. These, 
however, may be readily added to. One of the points 
rarely considered is the clearance necessary for the saw- 
dust; for instance, the same sets of saws are often used 
for cutting either, say, 9 in. or 22 in. in depth. Now, the 
clearance of the saw teeth may he just sufficient to carry 
away the sawdust in cutting 9 in., it therefore follows that the 
same clearance is quite unequal to carry off the sawdust 
in 22 in. ; hence excessive friction and consequent buck- 
ing and running out of truth of the saw are the result. 
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It may also be said, the quicker the feed the g?:eater the 
dust clearance necessary. Again, the form and length of 
the saw teeth, and method of sharpening and setting, are 
points of importance. Care should be taken that the 
length of the teeth is not too groat, or they will spring in 
working, and the deeper the teeth the more rapidly they 
wear out. The length of all the teeth should be equal ; 
if not, the longer teeth get all the hard work, and the out- 
put of the saw is lessened by fewer cutting teeth being 
brought into use. In some cases saw teeth are allowed 
to “ scrape 99 instead of cut, or to bend when working, 
from improper sharpening or shape of the teeth. It is 
important that the cutting jingles, and tops, and faces of 
the teetlj should be bevelled exactly alike. The gullets 
too should be of even depth, as the saw will work with 
much less friction, and consequently with less power, 
than if the sharpening and setting are uneven, and the 
teeth are allowed to get short and stumpy. 

It should always be borne in mind that the thinner the 
gauge of the saw, the more teeth will be required to allow 
of the same amount of feed on the saw, the power will, 
however, be increased in ratio. 

Another frequent cause for saws running out of truth, 
especially with some forms of teeth, is from the teeth 
being allowed to get out of et space ” — say the alternate 
spaces getting wider than the others ; the teeth following 
these spaces have thus more work put upon them, and 
being set all one way, say to the right, they naturally pull 
hardest into the wood in that direction, consequently the 
saw runs cut of line. 

How often do we find workmen blaming the saws for 
turning out inferior work when they should blame them- 
selves for unscientific handling, and insufficient knowledge 
of the points embodied in perfectly sharpening and adjust- 
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ing their saws to suit exactly to the work in hand. This 
blaming of your tools always reminds me of the man 
wlm, from improper sharpening and setting, could not get 
his hand cross-cut to work properly, and addressed it, so 
says the faithful historian, in the following manner : — 
“ Well, of all the saws I ever saw saw, I never saw a saw 
saw like this saw saws.” This, however, by the way. 
Although the plan is objectionable in some respects, as 
each sawyer should be quite competent to sharpen his own 
saws, in a mill where a considerable number of saws are 
running, it will pay to have one or more highly skilled 
sharpeners to keep the whole of the saws and tools in a 
state as near perfection as ^possible, instead of, as in 
many cases where the saws are sharpened haphazard, in a 
good, bad, or indifferent state, generally the two latter. 

Hammering Saws. 

The author does not intend to attempt to teach the 
somewhat difficult feat of hammering a saw, this know- 
ledge can only be gained by experience, and as in 
hammering saws many points must be borne in mind to 
do it successfully, judgment and skill are both required. 
A few remarks as to the modus operandi , however, may 
be acceptable to those who wish to try their hands. In 
the first place, no matter how carefully a saw may be 
made, its tension is generally uneven in places, con- 
sequently more or less hammering is required to equalize 
it. A new circular saw may be perfectly true before being 
worked, but when started to run at a high speed it will 
appear pliant and wavy and run out of truth ; saw manu- 
facturers, therefore, find it necessary to hammer even 
new saws in certain places to compensate for the unequal 
exjiansion and contraction of the blade, it being found in 
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practice that the teeth of the saw expand more rapidly 
than the centre of the blade, from the much greater speed 
at which it travels. Occasionally inferior new saws will 
be found to run untrue when first put on the saw spindle ; 
this is often put down to improper sharpening or otlici 
causes, when the fact is the saw has been improperly or 
insufficiently compensated by hammering to counteract 
the excessive expansion of the teeth or rim of the saw 
when at work. If, however, a saw is given too much 
compensating tension it will be found to heat in the centre 
and buckle. We have elsewhere given some of the many 
reasons for saws “ buckling 99 or running out of truth; we 
will now give briefly whaj should be borne in mind when 
hammering a saw, that is, when it is done on scientific 
principles and not by rule pf thumb : — 1, the diameter and 
gauge of saw ; 2, the speed it is to run ; 3, the nature of 
the wood it is to cut ; 4, the shape, pitch, depth of gullet 
of the teeth, and temper of the saw plate ; 5, whether the 
buckling is local or general and what causes it. 

It will thus be seen that we cannot learn to hammer a 
saw properly in a day. 

The tools required for hammering saws are a dog-head 
hammer, blocking hammer, twist hammer, sawmaker's 
anvil and block, and straight-edge. The dog-head 
hammer is about 3 lbs. in weight, with a rounded face, 
and is employed for removing a tension in the saw ; in 
using it the blow given should be a steady dead one ; to 
secure a blow without a rebound, the hammer handle 
should be fixed at an angle of about 80° to the head. The 
blow given should be tolerably hard, but not hard enough 
to deeply dent the blade, or in removing one buckle or 
tension another may be set up. The saw to be hammered 
should be placed perfectly flat on the anvil, with the part 
to be struck properly bedded. If it is desired to remove 
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a tension equally in all directions, a vertical blow from the 
dog-head hammer may be given ; if the tension is in one 
direction particularly, a slanting blow, striking from the 
operator, should be given : this spreads the effects of the 
blow in the direction of the tension. If a saw is buckled 
or dished in one direction, it should be placed with its 
convex face downwards on the anvil, and struck with the 
dog-head hammer in circles all over the plate ; but as 
saws are often buckled in several directions the blows 
must be arranged and varied according to circumstances ; 
hence the difficulty of either doing or describing the 
operation of saw-hammering. The blocking or cross- 
faced hammer is used when it ,is desired to produce an 
effect in one direction sideways from the line made by the 
face of the hammer in the saiv plate. One face of this 
hammer being brought to a rounded edge, tends to raise 
or curl the plate upwards, in a direction parallel to the 
line of blows ; care must therefore be taken that it is not 
used too much or too vigorously. The hammer with a 
twisted face is used when the buckle or tension is irre- 
gular; the straight-edge should be applied frequently 
during the hammering process, the straight saws re- 
peatedly “ sighted,” so as to observe the inequalities, or 
“ tight ” and “ slack ” places in the plate, and when these 
are equalized the hammering should instantly cease, or 
the saw may be stretched and made convex. By varying 
the manner of striking the blow with the cross-faced 
hammer, so are the effects on the saw plate varied, the 
blow taking effect or spreading either to the right or left 
hand, or from or to the operator, as may be desired. 

Our illustration (fig. 29) represents a circular saw 
u slack ” at the point A and 11 tight ” at the point B, and 
buckled or twisted at the point C. In the case of A and 
B the dog-head hammer should be used, the saw placed 
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at a dead level on the anvil, and struck as represented by 
the small circles in the sketch. Where the saw plate is 
slack or hollow, as at A, the blow being struck round the 
slack place, the saw plate is stretched and the slack place 
is gradually brought up or made true with the rest of the 
plate. When the plate is tight or concave, as at 13., the 
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plan of striking should be reversed, the tight place itself 
being struck and stretched. The tight side of the saw 
should be placed face upwards on the anvil. When a 
saw is twisted or buckled at the edge, as at C, which 
is frequently the case when allowed to jamb from too 
fast a feed, improper teeth of saw, or when sawing wet 
or frozen timber, the blocking or cross-faced hammer 
should be used, the saw being placed on the anvil with 
the buckled side downwaids, and struck sharply, as 
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shown by the line marks at C, which will gradually lift 
or bring the plate up true. When a saw is “ waved ” or 
“kinked,” the waved or hollow side should be placed face 
downwards and the wave brought up true with the block- 
ing hammer ; the foregoing hints apply equally well to 
Straight as to circular saws. 
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CHAPTER XV. 

HAND SAWS. 

Band-saw blades, when in work, are subjected to 
several strains, the chief of which is a bending or tor- 
sional, one, which in heavy work with sharp curves is 
very severe. In addition to this, the expansion and con- 
traction of the blade, engendered by the friction whilst in 
use, seem in a great measure to 
alter the libre or granular struc- 
ture of the steel, and the conse- 
quent breakages of the blade — K1G . 30 . 

unless special care is taken and 

provision made — have militated much against the universal 
adoption of this method of sawing. The manufacture of 
band-saw blades has been much improved during recent 
years, so also have the machines, and with a well-made 
machine, blades can now be run, 
with careful usage 1 , for a consider- 
able period without breakage : the 
result has been ‘lie more general 
adoption of this, one of the most 
valuable of wood-working ma- 
chines. Band-saw blades are now 
in use up to 6 in. wide ; these are chiefly employed in 
breaking down large timber, and for the heaviest class of 
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bevel sawing, such as the curved forms required for ship’s 
timbers. 

We give herewith illustrations of the saw teeth we have 
found most suitable for band-saw blades for cutting all 
ordinary classes of wood. Figs. 80 and 81 arc* well 
suited to most woods of the Pi nun family, except pitch 
pine : for working this wood we 
recommend fig. 82, the teeth of 
which should he coarsely spaced 
and set. In addition to ihis, owing 
to the clinging properties of tin* 
vm. :yj. resin, a small brush should be 

attached* to the machine, and so 
arranged that the saw blade is constantly swept, by it: 
an occasional application of grease to the blade is als( 
an advantage, as the resin is more readily removed. We 
recommend for durability saws with gullet teeth, that 

is, rounded at the 
/ / root similar to tigs. 

\ 81 jm( l 88 , Jis they 

are loss likely to frac- 
FfG 33 lure in working than 

saws with the roots 
running to an angle, as the fracture in the blade is 
found almost invariably to commence at. the point of this 
angle. Owing, however, to small gullet teeth being more 
troublesome to sharpen, the angle teeth are, perhaps, 
more generally employed. For sawing oak, ash, elm, and 
hardwoods generally, tig. 84 will be foMid very suitable, 
and by setting the teeth farther back the cutting action 
is improved for hardwoods. For heavy sawing and for 
all saws above 2 £ in. wide we recommend the gullet 
tooth, fig. 88 . Although the action of the band-saw, 
like that of the circular saw, is continuous, owing to the 
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narrowness of the blade and the small part of it lhat is in 
use at the same time, the friction and consequent heat- 
ing of the saw are reduced to a minimum. Tnless a saw 
entirely unsuited to the wood being cut is employed, 
what heat is engendered is 
nearly cooled by the rapid 
passage of the saw through 
the air. Owing to the 
thinness of the blade and 

the small area in fric- t — 1 — J 

tional contact, the power 1 1«. ;> 

required to drive is very 

small indeed ; in fact, not more than one-sixth that of a 
circular saw cutting the same depth of wood. It has been 
laid down bv one writer that for softwood the tooth space 
should be one-half and their depth one-tiftli the width of the 
blade, and for hardwood the space onc-thinl and the depth 
one-fifth the width of the blade. Our experience in wood- 
working, however, shows that it is really impossible to lay 
down any absolute and fixed rule in these matters. It is 
difficult to distinguish by inspection tin* quality or temper 
of a saw blade. 1 >y bending the blade you can in a 
degree judge by its elasticity as to its temper, as, should 
it be too hard, it will probably crack. A blade either 
too hard or too soft is comparatively useless. What is 
required in a band saw is toughness, and a degree of 
hardness combined. Saw blades of too hard a temper, 
where the steel has crystallized, or where the blades have 
been subjected 10 imperfect or sudden tension, break 
readily. Care should be taken that the gauge, width, 
toothing, sharpening, and setting are uniform throughout. 
In jointing the blade it is important that it is not made 
thicker at the braze, as when in work, should this be the 
case, it will jump and not run true 011 the saw-wheel, 
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breakages being the result. The expansion and con- 
traction of the saw blade are a fruitful cause of breakage. 
This can, however, be much lessened by having a saw 
suited to the work, not forcing the feed, nor twisting a 
broad saw round sharp corners, keeping the blade 
lubricated and the leathers on the saw wheels true, and 
by slackening the tension of the saw immediately after 
finishing work. For sawing hardwood or iron the teeth 
should be made shorter, more upright, and with at least 
one-third more points to the inch. For a clearance for 
the sawdust these blades can with advantage be made to 
taper from the points of the teeth to the back of the saw, 
as they will stand very little setting. 

The teeth of band saws should by preference be sot by 
light, carefully- given blows, iiistead of bending, which, 
unless very carefully performed, is more liable to buckle 
the blades and prevent them running true; in either 
case a gauge should be constantly used to keep all the 
teeth points uniform. Uneven and improper setting 
gives a considerable amount of torsion to the saw blade, 
causing undue heat and consequent breakage. It is also 
important that the saw teeth are all the same length, and 
are all filed alike, as to do good and clean sawing the 
teeth should all strike the wood at the same angle, and 
should some teeth be longer or at different angles to the 
others, they either get an undue proportion or no work 
at all, the result being an inferior and lessened output. 
Many of our remarks with reference to straight and 
circular saws will apply equally well to band saws. 

If in operation a properly sharpened blade is found to 
bind, it probably arises from insufficiency ox throat room, 
try a saw with the teeth set further apart ; this will not 
cut quite so fast, but the sawdust will have time to escape 
and the binding of the saw will be done away with. 
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We have found saws of a tliin gauge to stand better 
than stout ones ; they will bend easier over the pulleys, 
and are thus less liable to break, from the arc of contact 
on the saw wheel being too sharp. To avoid breakages 
it is very important that the saw blades are not bent 
edgewise in working. Although we are aware that they 
are thinner than those usually employed, we can, after 
considerable experience, recommend the following thick- 
nesses of saws as the gauges most suitable for sawing 
pine and the softer kinds of wood of the Pinus family. 
The lengths of the blades are given in feet, and the 
thicknesses by Birmingham wire gauge : — Saws up to 14 ft 
long, of any width, 22» gauge ; 17 ft. ditto, 21 ; 20 ft. 
ditto* 20 ; 24 ft. ditto, 19 ; 30 ft. ditto, 19 t. or 18 e. 

These figures must not, however, be considered arbi- 
trary, but can be modified according to circumstances. 
The smaller the diameter of the saw wheel, so should 
in ratio the gauge of the saw be reduced. For cutting 
the harder and closer-grained woods, such as oak, beech, 
&c., the thickness of the saw should be increased about 
one gauge. For woods of a woolly fibre, such as 
English poplar, the teeth of the saw should be deeper 
than usual, and of coarse space and set, to effect a 
clearance and overcome its clinging properties. 

Band saws, being of thin gauge, can be set with 
advantage by mechanical means. The best apparatus 
with which we are acquainted gives the teeth of the saw 
a light blow similar to that given by a hammer, instead 
of a pressure. The appliance is capable of vertical and 
lateral adjustment, according to the depths and widths 
of teeth and the gauge of saw. The amount of set is 
varied by means of an adjustable steel pointer, which is 
bevelled at the bottom to the maximum set. The saw is 
set two teeth at a time, and fed forward by a pawl and 
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lever adjustable to the pitch of the teeth. The sharpen- 
ing or filing of hand-saw teeth by mechanical means has 
not yet been effected in a simple way, and we are not 
quite sure that any great scope for inventors exists in 
this direction. It is advisable when working that the 
edge of the saw blade does not hear too heavily on the 
guide arranged to receive the back thrust of the saw, or 
the blade will rapidly crystallize from the friction and 
break. This can in a great measure be obviated by 
arranging a second guide beneath the table, and by 
judiciously altering the “lead” of the saw by canting 
the top saw wheel. To file and set band saws they are 
best mounted on two adjustable wheels, arranged horizon- 
tally, and the blade kept at a tension, part of the saw prosing 
through and being held by a vice, which keeps the saw 
teeth from being filed too deep and prevents vibration. 

As regards the strength of band-saw blades the fol- 
lowing is the result of a set of tests made on Rielile 
Brothers’ testing machine, at the Philadelphia Exhibi- 
tion, of eight specimens of Perm's band-saw blades : — 


No. 

Thick- 

ness. 

Width. 

AVull li 

to l/JG 

Breaking 

Weight. 

Strength 
per sijume 
iiu h. 






lb. 

lb. 


1 

•03 If) 


17 

7,600 

209,193 


2 

•03.13 

•620 

1<> 


82,765 


3 

•030,5 

*745 


6,000 

220,649 


4 


1-062 



83,823 

j Broke at the end oi 
( the joint. 

c 

•0510 

•625 

s 


111,090 

j Broke sicioss eentn 
j of the joint. 

1 6 

•o:’.io 

•490 

itt 

2,000 


Ditto. 

7 

•0335 

•280 

sis 

2,000 

213,210 


8 

•03 

•094 

1 

M 

4<S5 

166,430 



From the above, probably most men will prefer to 
draw their own conclusions ; but, inasmuch as the thick 
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nesses are nearly the same, all the blades being made 
from No. 19 gauge steel, varied only by the grinding and 
smoothing down the joints, to reduce the strength to the 
average for each one-sixteentli in. in width would place 
the matter in shape to render it more readily applicable. 
In this form the strongest unjointed blade was 500 lb. 
for each one-sixteenth, 823 lb. the weakest, and the 
average 446 lb., while through the joints the strongest 
was 250 lb. for each one-sixteenth in width, the weakest 
176 lb., and the average 20G lb. The fact that when a 
band-saw blade is strained to 175 lb. for each one-six- 
teenth in. of its width it is being strained to about the 
limit of its endurance may he knowledge of some value 
to tho» makers and users of band saws. 

To secure the steady find even working of the saw 
blade it is very important that the jointing or brazing is 
neatly done ; after a little practice, there should, however, 
not be much difficulty about this. 

The modus opcrandi is as follows : — Take each end of 
the blade and file down a taper on the opposite sides of 
the saw of about three teeth points, so that when the 
two ends of the saw are made to overlap each other the 
joint, when cleaned off, will be of the same thickness as 
the rest of the blade. Secure the overlapping ends of 
the saw well together by small hand vices, and tie them 
with fine iron wire. Over this bind tightly with brass 
wire the full length of the overlap. Moisten the joint 
with water, and cover it with powdered borax. Either 
take a large paL* of tongs and make it red hot, or place 
the saw in a small forge fire made of charcoal, and keep 
it there till the brass is well melted. Let the saw cool 
gradually, and file the joint to the same gauge as the 
rest of the blade, and finish it with emery cloth. If this 
operation is well performed, the joint will be scarcely dis- 
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tinguishable. Care must be taken tliat when brazed the 
overlapping ends of the saw press well together. 

Our illustration, 



fig. 35, represents an 
improved form of 
forge for brazing 
band-saws ; adjust- 
able weights mount- 
ed on hinges are 
fitted, and are so 
arranged that several 
blades can be brazed 
at one time without 
the constant trouble 
of fixing movable 
weights or vices as 
in other machines. 
The frame of the 
forge is made entire- 
ly of iron and the 
blast is produced by 
the foot. The teeth 
of band saws for ordi- 
nary sawing should 
be speeded to travel 
from about 4,000 to 
5,000 ft. per minute 
on machines with 
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wheels of 3 ft. dia- 


meter or less; with 


saw wheels of larger diameter Ibis speed may be in- 


creased from 500 ft. to 1000 ft. per minute according to 
the nature of the work. 
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CHAPTER XVI. 

CUTTERS. 

Another important factor in the success of wood 
conversion by machinery the proper construction and 
manag<ynent of the various cutters employed. The 
action of revolving cutters, such as those used in planing 
and moulding machines, is similar to that of circular 
saws, and like saws the cutting angles for operating on 
soft and hard wood should vary considerably. For 
planing soft wood the bevel of the cutting edge of the 
iron should be more extended than when used for hard 
wood. About 30° to the face of the iron is the best 
angle, whilst for hard woods about 40° to 50° is found 
most suitable. They may be worked at more acute 
angles than these, but in working hard w r oods they are 
more likely to break. 

Cross cutting cutters, such as those used in tenoning 
machines, should be arranged to work diagonally to the 
grain of the wood. An angle of about 15° to the axis is 
usually suitable for soft wood, as it is found the nearer 
the cutters act with the fibre of the wood, the smoother 
the work. Cutters for tenoning machines are made by 
some engineers slightly helical ; we think, however, any- 
thing gained in this manner is more than lost in the extra 
trouble of keeping them in order, as well as the increased 
first cost. 
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As regards the angle of the cutting edges of turners’ 
tools, it is found, for turning soft wood, an .angle of about 
25° is the best, as it gives a good cutting edge, and will 
stand to the work. Obtuse angles in turning tools are 
generally a mistake, as they really scrape or abrade 
instead of cut. The angles for a turner’s finishing tool, 
which is sharpened on both sides and the face ground ofl 
obliquely, should be about 110° and 70°. 

In making moulding irons, a plan generally pursued, 
but essentially wrong, is to cut the profile of the required 
moulding on the edge of the steel and grind a bevel 
backwards from it, the result being the exact profile of 
the moulding is constantly liable to be altered when 
sharpening. In the place of this the form of the mould- 
ing should always be milled Tin to the face of the cutte. 
itself, as it thus, if sharpened to the proper bevel, retains 
its true form. This constant form of profile may be 
secured for vertical spindle moulding machines, no matter 
how badly the cutters are sharpened, by using circular 
cutters. These are made from one piece of steel, in form 
something like a deep saucer. The periphery is shaped 
to the profile of the desired moulding, and has several 
openings, which are sharpened towards the centre, and 
present as many cutting edges to the wood. Their first 
cost, however, is considerably in excess of the ordinary 
form. Fixed cutters for planing machines should be 
fitted with back irons, and the cutting edge arranged at a 
slightly oblique angle to the wood, as the shock on the 
knife is thus received gradually. In establishments 
where a large variety of woods are worked it is advisable 
to have several sets of knives ground to the various bevels 
best suited to the work. 

Much has been written as regards tempering cutting 
tools ; no absolute rules for wood-working machinery 
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can, however, be laid down, it simply resolves itself into 
a matter of practical experience. 

For working soft woods with knives of an acute bevel a 
light straw-colour temper is suitable, whilst ■dor harder 
woods, when the bevel of the knives is made more obtuse, 
the temper should be made slightly harder in proportion. 

Cutters should always be ground with a double bevel, 
leaving at the cutting edge say about one-eiglith of an 
inch to be whetted with a stone to a keen edge by hand ; 
this bevel or angle can also be rapidly altered to suit 
different kinds of wood. Of late, for planing, it has 
become the practice to lessen the diameter of the cutter- 
block or head, and increase the number of irons, thus 
giving^ practically speaking, a continuous cut and a better 
quality of work turned out* : we have already illustrated 
this improved form of block. 

The question of speed, which has so much to do with 
the successful operation of all wood-working tools, we 
purpose speaking of elsewhere. 

For hardening cutters we can recommend the following 
recipe : — Four parts of powdered yellow resin and two 
parts of train oil carefully mixed, and one part of heated 
tallow added. The object to be hardened is dipped into 
this mixture hot, and allowed to remain in it until it is 
quite cold. 

Without having previously cleaned it, the steel is 
again put into the fire, and is then cooled in boiled 
water in the ordinary manner. The edges of tools thus 
hardened wear excellently. 

It is important in tempering any kind of cutters that 
there is a gradual shading of colour in the temper. If 
there is a distinct line between two colours towards the 
edge of the cutter, it will probably chip, or break, at this 
line ; the point to aim at is to have the edge of the cutter 



m SAW-MILLS. 

tolerably hard, and this hardness to be gradually reduced 
the farther you go from the cutting edge, and the softer 
metal at the back will be found to strengthen and support 
it. We need hardly say extreme care should be taken in 
tempering cutters. 

For putting a sharp edge on cutters, instead of using 
oil on the stone, a mixture of glycerine and alcohol is 
very well spoken of for its efficacy and cleanliness. 
Recipe— Three parts of glycerine to one of alcohol. 
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CHAPTER XVTI. 

MORTISE CHISELS AND BORING BITS. 

In working mortising machines with a reciprocating 
movement, one of the chief difficulties we have to contend 
with is the jamming or Ibending the chisel, from the diffi- 
culty* in hard, tough woods especially, of removing the 
u core ” or “ blaze ” made by each stroke of the chisel, 
even when a clearance hole has been previously bored in 
the line of mortise. To obviate this a great number of 
self-clearing chisels have been devised. One of the 
simplest and best with which we are acquainted is Wood’s 
patent, which we illustrate herewith (lig. 86). This is an 
ordinary double-lipped chisel, but with an important im- 
provement in its construction, the lips of the chisel being 
tapered outwards on the inside from the points upwards, 
thus allowing increased clearance for the core as the 
chisel passes further into the wood. In the ordinary 
double-lipped chisels the lips have hitherto been made 
parallel, the result* being the core often became jammed 
and the chisel bent. The solid taper chisel will be found 
to answer tolerably well in soft wood, but requires a 
clearance hole and very careful management in working 
hard woods, the core being afterwards knocked out of the 
mortise with a drift. With the double-lipped chisel we 
have noticed the core passes or is drawn from the mortise 
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at each stroke, and the sides of the mortise are left clean. 
In sharpening this chisel care must be taken that the 
side lips are not touched, and they should always be kept 
at the same angle, and the points at the same projection. 

Whatever kind of chisel is used, it will be found better 
in all cases, except with short mortises in soft wood, to 
bore a clearance hole ; this is best placed at one end of 





the mortise which can be squared up iirst. In cutting 
a mortise right through, let the stroke of the chisel in the 
first place cut within an inch of the bottom of the wood, 
and, when it is turned over, the chisel should be allowed 
to make its full stroke ; by these means the core is either 
drawn out by the chisel or forced through the bottom of 
the mortise. 

For mortising sashes the double chisel (fig. 37) will be 
found most useful. This is made with two edges, with a 
V shape between them. For punching or mortising blind 
slats, &c., the tool shown by fig. 38 is the best with which 
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we are acquainted; it is arranged so that punches oi 
different lengths or widths may be used as desired. 

Chisels should be made of the linest quality of steel 
only, and are best made with a plain taper 
end, which should be very carefully fitted 
or ground into the socket. Occasionally 
we find “ feathers " fitted on chisels, 
with the idea of keeping them always 
square to their work, hut this plan we do 
not care about, as the feathers are apt to 
get loose or twisted, and the chisel is 
thus thrown out of square with wood. In 
hardening chisels care must be taken 
that tilery are not made too hard, or they 
'w ill be found to break short off the first 
lull'd knot they come to; a temper colour 
of a deep blue slightly tinged with violet 
will with most steels be found suitable. 

In rotary or slot-mortising machines 
the plain mortising auger or spoon bit is 
largely used. Our illustration (fig. 39) 
shows a twisted or wing cutter, which 
will be found to be an improvement over 
the old form, as it will cut much cleaner 
and faster, and with less power; it can 
also be readily sharpened. It can be 
forged without much difficulty, and if 
made with a fine quality of steel will stand 
well to its work. 

Another form of slot- mortising auger is used consider- 
ably in America, in which tlie twist is formed into a 
number of chisel-shaped lips, rising from the edge of the 
twist, and presenting sharp edges in the direction of the 
bore of the auger, so that the wood is cut laterally if 
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traversed against it. This bit is very rapid 
in ils action, but is much more difficult tc 
make and keep in order than the one we 
have* sketched. 

For boring purposes a considerable variety 
of bits or augers are in use : for working by 
steam we have found nothing so good as the 
modified form of American screw auger, 
shown in our sketches (figs. 40 and 41). 
It is extremely rapid and clean cutting, but 
should be carefully used, and not forced or 
choked, or it will be found somewhat liable 
to twist or bend, t and if this occurs it is very 
difficult to set right again. With woods 
that are very fibrous and clinging, and there- 
fore difficult to discharge from the auger, 
it can with advantage be made with an in- 
creased twist as it recedes from the point ; 
the area of discharge for the chips is thus 
increased as they ascend, and they are more 
readily got rid of. 

Whilst speaking of augers it may not be 
out of place to illustrate (fig. 42) a simple 
form of hollow auger for forming tenons 
on the end of spokes, chair rounds, table 
logs, &c. This auger 
operates on the outer 
edge of the wood for a 
certain distance, and 
either it or the wood is 
then withdrawn. Stops 
or gauges are usually 
used to regulate this dis- 
tance. A similar form 
of auger can be used 
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with advantage for rounding broom handles, cornice 
poles, &c. In this case the socket and spindle carrying 
the auger is made hollow, and as the wood is rounded it 
Vs passed right through them. 

For boring and reaming out bunglioles, &c., a centre 
bit, fitted with a taper reamer higher up the shank of the 
bit, is perhaps as good a plan as any. The centre bit 
first of all bores the hole, and is followed bv the taper 
reamer, which is hollow and 
fitted witli a cutting lip on one 
side. The el lips pass into the 
centre of the reamer, which is 
closed at the bottom, bift open 
at the »top. An adjustable gauge 
and index to determine the size 
of the bore can be fitted on one 
side of the reamer. This form 
of auger will be found very ac - 
curate in use. The common 
type in use for boring bunglioles has a volute-shaped 
blade, with a sharpened salient spiral cd e and a gimlet 
point. 

A number of expanding augers for boring holes of 
various diameters have been introduced for some pur- 
poses with tolerable success ; in one of the best of these 
the cutter is adjustable eccentrically, and is held in posi- 
tion by a dovetail tongue and groove. The cylindrical 
core is made solid, and the centre point is made movable. 
The spiral has a sharp edge, and the adjustment of the 
cutter on its radial pivot varies its radial sAveep in boring. 
There are also a number of augers in use for special pur- 
poses, such as annular augers, taper augers, bunghole 
reamers, &c.; but what we have briefly described and 
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illustrated will be found, we think, the best yet introduced 
and all-sufficient for general purposes. 

The feed of either chisels or boring bits is best con- 
trolled by hand, and should be varied according to the 
nature of the wood, the size of the bit, and the depth of 
the hole or mortise. 

Chisels worked by steam may be varied in speed from 
200 revolutions to 450 revolutions per minute, and boring 
and slot-mortising augers from 1,500 to 2,000 revolutions 
per minute, according to the size mid nature of the wood 
being operated on. 
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CHAPTER XVIIL 

MANAGEMENT OF BELTS. 

As so much has been written with regard to the 
management of belts, #we shall not extend our notes 
thereon to any very great length. For driving wood-work- 
ing machinery we are in favour of leather in preference to 
other materials ; it should be kept as soft and pliable as 
possible, a matter of very considerable difficulty in a saw- 
mill, owing to the fine dust flying about and filling up the 
pores of the leather, giving it a tendency to get hard and 
crack. For forest or outdoor sawing a vulcanised india- 
rubber or dressed cotton belt may be used with advantage; 
they are, however, more difficult to repair than leather, 
but cheaper in first cost. Leather should always be used 
for very high speeds, and where more power is required 
we prefer, as a rule, if below 9 in., to increase the width 
of the belt instead of its thickness. In calculating the 
transmission of power by means of belts, a considerable 
margin must be allowed for slip ; especially should the 
centres be shor* at which the belts are running. For 
transmitting power for high-speeded wood-working ma- 
chinery the belts, owing to their becoming hard and dry, 
should be made about one-fourth wider than iB found 
necessary in other kinds of machines running at a slow 
speed. It is also very important that the belts are even 
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in thickness and very neatly joined, so that there is no 
jump on the belt whilst running. Twisted belts should 
be avoided as much as possible. Double belts should 
never be run over pulleys less than 24 in. diameter, or 
they will rapidly crack and deteriorate. 

Although it is contrary to general practice in this 
country, we recommend that all belts should be run with 
the smooth or hair side next to the pulley, as it is harder 
and smoother than the flesh side, and by reason of the 
smooth face of the belt and pulley coming into closer 
contact than is the case with the flesh side of the belt, 
which is more or less lumpy, the air is excluded, and the 
belt bears evenly over the wholq face of the pulley ; its 
grip and driving power are thus considerably improved, 
and, at the same time, it is less liable to crack on the 
outside. This cracking will be lessened if belts are kept 
pliable, and as a pliable belt will transmit double the 
power of a dry one, the loss occasioned through a belt 
getting dry and hard will at once strike us. An applica- 
tion of tanner’s dubbin for leather, and linseed oil varnish 
for cotton driving belts will make them pliable, and 
increase their driving power. Tolerably long belts are 
much preferable to short ones, but care must be taken 
that they are not too long, so that they “ swag ” in work- 
ing, or both they, and the bearings of the machine being 
driven, will suffer. Tight belts should be avoided ; if 
more driving power is required increase the width of the 
belt. Belts should be kept free from moisture. A belt 
should not run faster than 30 ft. per second, nor have 
tension of above 300 lbs. per square inch of section. 
Wherever possible, the machinery should be so planned 
that the belts never have to run in a vertical line ; the 
direction of the belt motion should be from the top of the 
driving to the top of the driven pulley. 
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The driving power of a belt may be increased by 
increasing the tension, but beyond a certain point, as we 
have before remarked, excessive tension is in every way 
injurious, and we have even known cases of belt rivets 
and fasteners being torn from their places from belts 
being overstretched. At the same time the surface 
contact, and therefore driving power, is reduced by their 
becoming narrower and twisted. If the adhesion is in- 
sufficient, use wider belts or larger pulleys. It is a mis- 
take to use cheap, spongy leather belts ; they will never 
run true, and rapidly become twisted and irregular in 
shape: for driving wood-working machinery the best 
leather is always the cheapest. If it is absolutely neces- 
sary to run at short centres, and the slip is excessive, 
have the pulleys covered with leather or several thick- 
nesses of brown paper. Avoid the use of resin and 
other mixtures sold to increase the grip of the belt, as in 
most, if not all cases, they act injuriously on the leather. 
A mixture of mutton fat and beeswax in equal parts will 
be found a capital dressing, and will not injure the belt. 
Leather belting should not be used too new. Indiarubber 
belts are deteriorated by coming in contact with oils, 
especially mineral oils. 

As regards joining belts, several good fasteners for belt 
joints are now made, blit cart* should he taken that the 
one selected allows the belt to bend freely round tin* 
smallest-sized pulleys. Although it is somewhat more 
troublesome, many users stick to the old-fashioned plan 
of lacing. I11 la: : ng a belt, the lace holes should be made 
oval, ana it is best to commence in the centre of the belt 
and lace outwards ; the ends left to tie should, of course, 
be on the outside of the belt. We give a sketch (fig. 43) 
of the best plan of lacing bells with which we are 
acquainted. It will be seen from the sketch there is no 
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crossing of the lacing on either side. The lace holes 
should be oval, and not placed opposite each other ; the 
lace should be tied in the centre of the belt and on the 
outside : this plan combines as far as possible strength 
with smoothness of working. Riveted joints should not 
be used to run over small pulleys. For joining double' 
belts steel plates and screws are perhaps the best method. 



The following directions for jointing may be of service 
to those who prefer to use; cemented joints in their 
belting : — 

Pare or plane the two ends to an equal and correspond- 
ing bevel, so that the thickness of the lapped joint will be 
uniform with that of the belt. 

The following table will give an idea of suitable lap for 
various sized belts : — 


Width of belt in in. 

1 

2 

3 

:j|nl» I 6 to 8 

t 

Above 8 

Amount of lap in in. 

a 


■H 

1 

(i | s 

JO 


Rasp well the bevelled ends, thus levelling the in- 
equalities left from paring, and rendering the surfaces 
susceptible of being intimately united. Stir up the 
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cement, and spread it quickly over the two ends — which 
should not be greasy— with a thick brush; then place 
the ends together and clamp them, or screw them up in a 
vice, between two well-warmed plates — zinc about in. 
thick answers well let them remain until the cement 
pressed out from between the joint has grown cold, which 
will be in about twenty minutes or less, when the belt 
will be ready to work, but it should by preference be left 
for an hour or two to get thoroughly dry. 

For cementing belts we have recently had our attention 
drawn to a somewhat remarkable cement known as 
“ Dermatine.” It has been some years in use in Austria, 
but has only recently be*n introduced into this country. 
We believe its basis consists of animal matters, the com- 
position of which assimilates to leather, and when applied 
the tensile strength of the cemented joints is equal to 
that of the other leather. It dries almost instantaneously, 
but remains elastic in its nature, thus allowing the joints 
to be as pliable as the other portions of the band. 

Castor oil, besides being an excellent dressing for 
leather, renders it vermin-proof. It should be mixed, 
say half and half, with tallow or oil. Pyroligneous acid 
ma}' be used with success in preserving leather from the 
attacks of mould, and is serviceable in recovering it by 
passing it over the belt, first removing the mouldy spots 
bj' the application of a dry cloth. 

Considerable trouble is often found in stretching or 
tightening large belts on to their pulleys, and when they 
are taken up in t-_3 ordinary way the belts themselves arc 
sometimes damaged where the dangerous practice of 
forcing them on to pulleys by hand is in vogue. To 
obviate this, and to tighten wide belts in their places, we 
illustrate a little apparatus herewith (fig. 44). As regards 
the tightening of belts, if they are stretched until their 
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elasticity is des- 
troyed, they are 
more than half- bro- 
ken ; great care 
should therefore be 
exercised. A safe 
rule is, in putting on 
new belts, to draw 
them up 1 in. for 
each 5 ft. of their 
length, and in tak- 
ing them ii]) for the 
first time, 1 in. for 
each 10 ft.; the 
second time, 1 in. 
Ibr each 20 ft.; and 
so on. 

The relation which 
exists between the 
horse-power trans- 
mitted, and the 
width and velocity 
of the belt which 
transmits it, is, says 
tlie Practical Ameri- 
can, based on the 
following rule : — 

For Rubber Rolfs . — 
T« ic product of the speed 
of a helt in feet per 
minute with its width iu 
inches is equal to 400 
times the horse-power 
transmitted. 

For Leather Belts.— 
The product of the speed 
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of a belt in feet per minute with it 3 width in inches is equal to 500 
-jmes the horse-power transmitted. 

From these rules we may calculate : 1st, the horse- 
power which a belt of given width and velocity can trans- 
mit ; 2nd, the velocity with which a given belt has to be 
run in order to produce a given horse-power ; and 3rd, 
the width necessary for a belt in order to transmit a given 
horse-power with the speed it is running the p ulle ys. 

First Rule. — Multiply the speed of the belt in feet per minute with 
vts width in inches, and divide by 400 for rubber and by 500 for leather ; 
the result will give the horse- power. 

Second Rule.— Multiply the horse-power by 400 or 500, and divide by 
the width of the belt in inches^the result will be the velocity in feet 
necessary to transmit the power. 

Third Rule.— Multiply the h or sc ; power by 400 or 500, and divide the 
product by the velocity of the belt in feet ; the quotient will be the 
width in inches required to transmit the power without slipping. 

These rules hold for moderate-sized belts. Very large 
belts need not be so wide, but may be 20 per cent, 
narrower than medium-sized ones, while for very narrow 
belts the width must be taken larger by some 20 or 30 per 
cent. We may deduce from this a rule easily remem- 
bered ; it is that for every horse-power it takes one inch 
of belt if it runs at the rate of 400 or 500 ft. per minute, 
and that the horse-power increases in the ratio of this 
velocity. 

Rule fob Calculating the Width of Leather Belting. — 
determine the actual horse-power to be transmitted. Multiply by 
33,000, .and divide by velocity of belt in feet per minute, and you receivf 
/he strain on the belt. For instance, if the horse-power be 75, and the 
velocity be 2,500 ft. per minute, then is the 

76 x 33,000 = 2,475.000 * 2,500 = 990. 

The actual strain of the belt is, however, entirely depending upon the 
proportion of that part of the driving pulley which is embraced by the 
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belt to the whole circumference — it becomes less tbe more it Is em- 
braced. See figures 1, 2, 3, 4. 

Figure 1 take 1^, as the multiplier. 

»* 2 „ l M 

»t 3 „ £ (f 

*> ^ » ! n 

Multiply the above strain with one of these numbers and add the 
result to it, and you receive the actual strain on the belt ; thus taking > 
figure 2, you have 


990 x J = 866 
990 + 860 = 1,866 

For finding the required width of belting allow for each inch a strain 
of 5511)8., therefore divide the whole strain of 1,856 by 56, and you have 
the full width of belting, 

1,850 - 5 - 55 = 33*74 in. 

Double belts are } stronger than single ones. 

The American Method . — Multiply horse-power by 7,000 and divide by 
the length of strap that clips the smaller pulley, and again divide this 
product by speed of belt in feet per min. 

JCxample , — Required width of belt to drive 75 horse-power, velocity of 
belt 3,000 ft. per min., and the belt clipping the smaller pulley, which 
we will suppose to be 8ft. diameter clipping 11 ft. 

76 3,000)4 7,727(1 5ft, say 16 in. 


7,000 

3,000 

11)625,000 

17,727 

■■ , . 

16,000 

47,727 

— 


2,727 

=* 


3,000 


Rule , — To find the horse-power that any given width of double leather 
belt is easily capable of driving, multiply the number of square inches 
covered by the belt on the driving pulley by one-half the speed in feet 
per minute through which the belt moves, and divide the result by 
33,000. 

Rule,— To find the proper width of belt for any given horse-power, 
multiply 33,000 by the horse-power required, and divide the product 
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first by the length in inches covered by the belt on the driven pulley, 
and again by one-half the speed of the belt. 

Another rule is to multiply 33,000 by the horse-power required, and 
divide the product first by the length in inches covered by the bolt and 
again by its speed. 

Rules laid down by some engineers make the diameter 
of the smallest pulley a direct factor of the force which 
should be transmitted. Others, based on somewhat 
similar views, make the length of belt in contact with the 
pulley such a factor — thus : Let an open belt run upon 
two pulleys, each 2 ft. in diameter. Let a similar belt 
run upon two pulleys, each 4 ft. in diameter. Then, by 
either of these rules, the latter belt should transmit twice 
as great a force as the former. Facts are entirely at 
variance with such a conclusion. Others make the force 
transmitted directly as the arc of contact, or proportion 
of the circumference of the pulley enveloped by the belt. 
These recognise the fact that the angular extent of the 
contact determines the adhesion, and thus far tends in 
the right direction. Three forces are principally con- 
cerned in transmission by a belt : — 

First, its tension on the driving side. 

Secondly, its tension on the slack side. 

Thirdly, its adhesion to the pulleys. 

The difference between the first and second is the net 
force transmitted, and cannot exceed the third. 

It is necessary first to inquire what tension can be 
continously applied to the driving side without injury. 
The question will then stand : Wliat other, and less ten- 
sion applied to the slack side will produce an adhesion 
at least equal to the difference between the two ten- 
sions? 

The subject has been investigated mathematically by 
Rankine, and experimentally by Morin and others. A 
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paper contributed to the Journal of the Franklin Institute , 
by Mr Robert Briggs, gives the result of some investiga- 
tions made by himself and Mr H. R. Towne, and is of 
great practical interest. The same paper is also pub- 
lished in Mr. J. H. Cooper’s “ Use of Belting.” 

The greater or driving tensions were taken at about 
671b. per inch wide, or one-third of the ascertained break- 
ing strength of the laced joinings of single leather belts, 
and the co-efficient of useful friction at six-tenths of that 
established for sliding friction. By their own experi- 
ments, as well as those of Morin, it was found that, with 
equal arcs of contact, the adhesion did not materially 
differ on pulleys of 12, 24, or \ 2 inches diameter. Their 
experiments, as well as a number of practical examples 
cited, confirm their theoretical conclusions. The results 
are summarised in the following table, which gives, for 
arcs of contact from one-quarter to three-quarters of the 
circumference, the net force which should be transmitted 
for each inch in width of single leather belt : — 


Arc of 
contact. 

Lbs. 

per inch. 


Lbs. 

per inch. 

90° 

32-33 

150° 

44*64 

100° 

34-80 

180° 

4901 


37-07 


62*62 


39-18 


65 33 

135° 

42-06 

270° 

67-58 


This coincides well with what has been considered 
good practice by many who have relied on a force of 
about 501b. per inch with a contact of 180°, increasing or 
diminishing with the arc, but more from judgment than 
any definite calculation. 
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For convenience of memory these results may be 
approximated by the use of this simple rule : — 

To one-seventh of the number of degrees of contact 
add 21. The result is the force in pounds per inch wide, 
which should be transmitted. 

The single leather belt, laced, is in such general use 
that its strength must be taken as the basis in the 
arrangement of general machinery. Mr. Towne found 
the strength of riveted belts to be about 80 per cent, 
greater. A few have been known to last a long time, 
under tensions twice as great as those indicated by the 
above table. But tensions one-third greater than those 
of the table are about as high as can be applied to single- 
riveted belts of average quality , without unequal stretch- 
ing and consequent loss of durability. 

There is a lack of reliable information as to belt trans- 
mission with small pulleys and at high speeds, beyond 
the fact that the centrifugal force and imperfect flexibility 
cause loss of adhesion. Any systematic expression of 
the quantity of loss would hardly be possible, but some 
careful and intelligent experiments in that direction 
would be valuable. 

The strength of best oxhide belts, used for belting^ 
has been calculated at about 3,08Glbs. per square inch of 
section. This is reduced at a riveted joint to l,7471bs., 
and to 9601bs. at a laced joint. One-third of these figures 
may be considered a safe working tension. As belts, 
however, vary much in thickness, the following table in 
lbs. per inch width of safe working tension may be of 
use : — 


Thickness 

of 


Working 

Tension. 

(iOlbB. 
70 „ 
80 


t.. 

•n 


» 



193 


SAW-MILLS. 


Thlckncdfl 
of Ecu. 

A • 




Workinf 

Tension 
. 100 „ 

I . 


, 


. 120 „ 

A 

, 

. 

. , 

. HO „ 

i ■ 

. 



• ico „ 

A • 
i • 



• 

180 „ 

. 200 ,, 

a • 



. 

• 220 „ 

3 

* * 


• 

. 

• 240 „ 


Measuring the Tower of Belts.— T he following is a simple and 
effective device for measuring the power of driving belts, without going 
into any tedious dynamometric calculations. An ordinary two-part 
clamp, with a hook on one plate, is secured to the belt, and to the hook 
is attached a common spring- balance, such as icemen use. The other 
end of this in turn is fastened to the nearest wall or timber that will 
give a direct pull. The engine is then .started, and the reading of the 
spring-balance at the moment the belt slips is the actual resistance or 
tension of the belt on the pulley. This, multiplied by the speed of the 
belt per minute, gives the total foot*- pounds transmitted by it for ^nc 
time reckoned. This will, it is thought, prove a very useful device for 
parties hiring power, as there cannot be any question of accuracy of 
calculation, any theories of width of belt per horse- power, or any error 
of any kind, because the actual dead pull of the particular belt in 
question under test, with all its perfections or imperfections as they 
actually exist, is given. 


It has been calculated that with leather belting about 
46 square inches of belt contact on the driven pulley are 
necessary to transmit 1 horse-power, 52 square inches for 
india-rubber, and 60 square inches for cotton or woven 
belting. 

Cement for Leather Belting.— C ommon glue and isinglass, equal 
parts, soaked for ten hours in just enough water to cover them ; bring 
gradually to a boiling heat, and add pure tannin until the whole becomes 
ropy or appears like the white of eggs. Buff off the surfaces to be 
joined, apply this cement warm, and clamp firmly. 

Cement for Gutta-percha Driving Belts.- M elt two parts of 
common black pitch to one part gutta-percha. Make ready the two ends 
of belt to be joined ; heat them by holding a red hot iron over them, 
then cover both ends with the hot cement, stick them together, and 
apply a eavy pressure for three or four hours. 
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Wide belts drive better than narrow ones ; loss of power 
is largely increased through belts curling up at the edges. 
New belts do not bed themselves so well on the pulleys as 
when they are older. Belts should never be allowed to 
get greasy or glazed over, as their driving power is thus 
lessened. Belts will slip less when running at fast speeds 
than at slow. 

The points to be borne in mind when calculating and 
arranging belting for driving machinery are the follow- 
ing (1) Power to be transmitted ; (2) speed per minute ; 
(3) distance from centre to centre, and whether the belt 
runs in a horizontal, inclined, or vertical direction; (4) 
the diameters of the puljcys used ; (5) width and thick- 
ness of belt, and the material of which it is composed ; 
(G) whether the belt is open or crossed, its tension, and 
the arc of its contact ; ( 1 ) the general conditions under 
which the belt has to work. 

In conclusion, a belt for driving high-speeded machinery 
should combine, as far as possible, the following points : — 
(1) Uniformity in thickness and width ; (2) pliability and 
smoothness; (3) closeness and adhesiveness of grain; (4) 
made from the backs of carefully selected hides, and be 
well stretched before using; (5) Even joints, and belts of 
sufficient width to transmit the required power without 
straining the band joint, only should be used. 
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CHAPTER XIX. 

STRIKING GEAR. 

It is important, to secure the safe and regular working 
of the various machines, that r each of them should be 
fitted with striking or belt gear, and the dangerous 
practice of throwing driving bolts on or off with the hand 
should not in any case be permitted. In planing and 
other large machines which run at a high velocity the 
belt should, in all cases, he passed from the loose to the 
tight pulley very gradually, so that the shock on the 
spindle, belt, and bearings is gradual, and not sudden and 
instantaneous; this can be well secured by making the 
striking gear to work by means of a quick-threaded screw 
and hand wheel, instead of the ordinary lever. For 
machines running at a less velocity than 1,500 revolutions 
per minute this is not necessary; in these cases tta 
ordinary shifting leve r, gradually pulled over by hand, will 
be sufficient. 

Now that it is generally the practice to fix the main 
shafting and pulleys below the floor-line, the matter of 
striking gear is considerably simplified ; when the direc- 
tion of the driving band is known, it can, with advantage, 
be attached to the machine itself where it is immediately 
under the hand of the operator. In these cases it should 
be mad.fc of iron, and care should be taken that the edge 
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of the beJt is not allowed to rub against the forks of the 
levers, or it will rapidly deteriorate ; this is especially the 
case when cotton or woven bolts are used. This can, 
however, in measure be guarded against by making the 
forks to revolve when touched, wherever possible, as this 
will greatly reduce the friction. Where it is not con- 
venient to attach the striking gear directly on to the 
machine, hardwood levers and rods may be used, but the 
loop through which the belt to be shifted runs should 
preferably be made of wrought iron, say 
i in. round. Clutches and friction cones 
foi throwing machines in and out of gear 
have now almost entirely given place to 
belts, and in most cases with advantage, 
as the clutch is often found to stick, and 
the cone often gets loose and noisy. 

If overhead shafts are used, either 
permanent striking gear worked by rods 
for throwing on and off, or a portable 
belt-shifter, should he employed ; the 
former is preferable. A simple belt- 
shifter for throwing on loose belts can 
be made by turning up a. disc of hard- 
wood, say 12 iii. diameter by £ in. thick ; 
tli is should he mounted 011 an iron pin fixed at the end 
of a wooden rod, of a length to suit the height of the 
shafting: the disc should be allowed to turn freely on 
the pin or pivot, and a second fixed pin, for lifting the 
belt, should be arranged to project from tin* face of 
the dise, say about 3 in. from the periphery, as shown 
in fig. 4f>. With this contrivance, there is 110 need 
of a ladder, or for any handling of the holt, as it can he 
lifted by the projecting pin and passed on to the pulley 
face, the workmen standing at the same time on the floor. 
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We give (fig. 46 ) another and more elaborate device for 
belt-shifting which has been well tested. It consists of a 
gland, carrying three rolls, one perpendicular to two 
others of a tapering form. The gland is secured by a 
thumb screw to a flat bar bolted to a stick of sufficient 
length to reach from the hands of the operator standing 
011 the mill floor to the upper part of an overhead pulley. 
The gland, with its three rolls, swivels on the stud, and 
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may be secured in any position by the thumb nut. With 
this device a twisted belt may be easily righted, and belts 
thrown on or off pulleys or cones, even when running at 
very high speeds. 

A ladder resting against the main shaft, with the hand 
used as a shifter, should never be employed, as it is in the 
highest degree dangerous. 

Tension pulleys can occasionally be used with advantage 
for stopping and starting machines ; at the same time, the 
driving power of the belt can be increased or decreased, as 
circumstances may require : the wear on the belt, how r evcr, 


STRIKING G£AP. 


»9T 


is somewhat increased, and the angles at which belts are 
often run preclude in a great measure their regular adop- 
tion. For in-and-out belts, such as those used for driving 
the cutters of tenoning machines, they are especially useful, 
any desired tension being readily obtainable, and any slack 
made in the belt from stretching can be automatically 
taken up by means of a counterweight, 
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CHAPTER XX. 

NOTES ON TI1E WORKING OF SAWING MACHINES. 

In working any kind of machinery its natural tendency 
is of course, to get out of order, and produce an inferior 
output ; tlie operator is, or should be, speaking theoreti- 
cally, engaged in one constant 'struggle to produce from 
the machine the best work it is capable of, and in 
keeping it in the best possible order, and the man who 
does this most successfully must be held to be the most 
valuable to his employer. Owing to the high speed at 
which it operates, and the various and heavy strains to 
which it is constantly subjected, wood-working machinery 
particularly requires the most careful attention to keep it 
and its output at a satisfactory point of excellence. 
Various circumstances detrimental to satisfactory work- 
ing constantly arise in a saw-mill that it is imjwssible 
always to anticipate or guard against; of these a long 
list, no doubt, could be supplied by the saw-mill owner, 
w T ho alone knows where the shoe pinches. The circum- 
stances which produce break-downs or unsatisfactory 
work being so various, the writer will not pretend to give 
more than a few general hints that should be borne in 
mind in working some of the machines most generally in 
use. The circular saw bench being the most common, 
we will commence with that. We must in all cases pre- 
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suppose each machine of its class to be well designed 
and made, which however, unfortunately, is not always 
the fact. We have elsewhere given some of the general 
reasons for saws running out of truth, a somewhat fruitful 
one being insufficient or improper “ packing.” The plan 
generally pursued in this country is to screw pieces of 
wood to the finger plate and below the saw table on either 
side, and running immediately parallel and close to the 
saw, the wood being rebated to allow hemp, gasket, or 
other fibrous material charged with grease, to be packed 
in tightly on either side. There is a right and a wrong 
way of doing even this simple operation, and care should 
be taken that the packing is put in evenly and bears uni- 
formly and without undue pressure on both sides of the 
saw. We ourselves generally pursue, and can strongly 
recommend the following simple method of packing. 
Take either two pieces of hoop iron or strips of hard 
wood of the length of the saw from the teeth to the 
eye, and of a width that will reach not quite flush with 
the top of the table, then take some flax or rope yarn 
and lap it evenly round the strips from end to end, 
till they are made wide enough to fill the packing 
space and bear evenly, but not tightly, against the whole 
front half of the saw-plate up to the spindle. Instead 
of packing the back half of the saw as some do, we 
take two small discs of leather, and attach them to the 
wooden packing pieces, which are fitted to the frame of 
the bench, so that they bear on either side of the saw at 
the hack near the rim or roots of the teeth, and so steady 
and guide it. It is a mistake to use much oil in the 
packing, as this is wasteful and unnecessary. If our 
readers will try this plan, we think they will find it a 
decided improvement on the one generally pursued of 
ramming down packing on either side of the saw more or 
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less at haphazard, as this is at the best uncertain, as should 
there be more packing at one point than another, or 
should it be lumpy, the friction on the saw plate is 
uneven, which will soon cause it to run out of truth. A 
thin gauge saw will often run from a chip or knot of hard 
wood getting into the packing, simple as this may appear, 
and should one sawyer have a grudge against another this 
is one of the means he sometimes takes to plague his 
adversary. It is a mistake to think that saw’s will run 
truer by being packed very tight. 

For holding a constant supply of packing and lubri- 
cating matter where much pitch pine and similar resinous 
woods are sawn we have fitted circular saws with adjust- 
able packing boxes with satisfactory results : those are so 
arranged that they can he replenished with grease as 
required, and do away with the wasteful and inellicient 
plan of throwing oil on the saw. A plan now pursued 
considerably on the Continent is to pack the saw with set 
screws; these are arranged transversely on either side of 
the saw, and let in to the top of the bench : these screws are 
adjustable to the gauge of the saw, and into the centre of 
each is fitted a piece of hard wood, which, when the 
screws are tightened up, presses against and guides* the 
blade. 

It is important that the saw is never over-fed or 
crowded in working. This crowding sometimes occurs 
from the saw guide or fence being continued too far past 
the front of the saw, and not allowing sufficient room 
for the wood to open out as it leaves .the saw. When 
the saw has once entered the cut, if in proper order, it 
will saw straight enough without an extended fence. If 
the fence extends say 4 in. beyond the roots of the teeth 
it should be enough. When sawing heavy timber, 
especially if green > the log should be opened out as it 
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leaves tlie saw. This is usually done by the sawyer with 
wedges driven into the kerf by hand, and is all very well 
if not neglected, as it often is, thereby causing many a 
saw to jam and buckle. To obviate this we recommend 
the employment of a revolving opening wedge, fixed 
immediately behind and in the same line as the saw. 
This can be of wrought iron or steel, circular in form, 
and say half an inch thick at its centre, tapered down to 
a blunt edge at its circumference, its diameter being 
regulated by the size of the saw bench. It can either 
be arranged to project through the face of the bench, or 
be mounted on centres at the end of a lever, and 
suspended behind the sa*v. The wedge as it enters the 
cut is revolved b} r the friction of the wood, and thus 
relieves the saw from a •considerable amount of side 
friction. If preferred, instead of a revolving wedge, a 
fixed steel spreading knife or wedge can be employed ; 
in any case, we certainly recommend something of the 
kind being used, as it relieves the saw considerably, 
and is always there when wanted, which cannot be said 
of the movable wedges which are driven in by hand. 
The sawyer should be careful that he has a belt of ample 
width, and that it is kept pliable, the joints well made, 
and that it grips the pulley evenly and well, and runs 
straight ; this being so, he will find the bearings of his 
bench last longer and give less trouble by heating, which 
is often communicated to the saw and is one of the causes 
of buckling. Care should be taken that, when the 
bearings are screwed up, it is done judiciously, as a 
fruitful cause of heating is from the saw spindle being 
nipped by the bearings when screwed up too tight. 
Should the bearings become abraded they should at once 
be removed from their seat and re-bedded by draw-filing 
and scraping; If the spindle has been allowed to seize, 
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it should be put into a lathe and “ trued up ; 99 unless 
this is done, the bearings will give endless trouble, and 
at the same time consume a large amount of power use- 
lessly. If a hearing become very hot, pour cold water on 
it till cool ; too much care and attention can scarcely be 
given to the bearings of wood- working machinery. For 
heavy saw benches and heavy wood-working machinery 
spindles generally, the best and most lasting lubricant we 
have used is a mixture of powdered plumbago and tallow, 
say 75 per cent, of the former to 25 per cent, of the 
latter. 

If the feed is too rapid, the timber will often rise up 
the back of the saw, and sometimes be thrown towards 
the sawyer. Very hooked or improperly set teeth will 
also bring about the same tiring. The feed should Ik, 
varied according to the nature of the material being 
sawn, but should rarely exceed 40 ft. per minute. For 
sawing hard wood the speed of the feed should not be 
much more than half as fast as that used in sawing soft 
wood ; with some hard woods, such as boxwood or cocoa, 
the speed of the saw itself can also be reduced, say about 
one-fourth, with advantage. If the driving pulleys of 
circular saw benches are of too small diameter, or the 
belts too narrow, the bearings will often heat from the 
excess of strain on them ; and this heat being com- 
municated through the saw spindle to the saw, will often 
cause it to buckle. A safe rule is to have the driving 
pulleys not less in diameter than one-third the diameter 
of the saw, and the driving belt of a vidth equal to half 
the diameter of the pulleys. We are aware that this is of 
greater widtli than is usually given — at any rate in this 
country, but the sizes are being gradually increased with 
a corresponding advantage. 

In working circular saws care should be taken that the 
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saw does not fit too tightly on the spindle, or bind on the 
steady pin, as, should the bearings or spindle become 
warm, the heat is immediately conveyed to the saw-plate, 
causing it to expand, bind on the spindle, and buckle. It 
is of the greatest importance that the saw-collars them- 
selves are perfectly true, and they should be constantly 
tried with a straight-edge, and any inequalities or lumps 
removed. The saw should hang in a perfectly true per- 
pendicular line, the bearings should be kept in good order, 
and screwed up sufficiently tight that the spindle will run 
without heating ; end play on the saw spindle should be 
avoided. Raws are oftentimes blamed for cutting untrue 
or out of line, when the fault lies with the collars ; the 
side of the saw nearest the wood should be constantly 
tried with a straight-edge, anil should it be found to bulge 
in the centre, which is often the case, it will probably 
arise from the saw-collars being out of truth or improperly 
concaved. If the collar attached to the saw spindle is 
perfectly Hat, have it removed and slightly concaved, when 
the bulge in the saw-plate will probably disappear. Bear 
in mind that any imperfection in the saw-collars is repro- 
duced many times over — the diameter being much greater 
— in the saw-plate. Inequalities in the saw-collars may 
he temporarily remedied by introducing one or more 
washers of paper between them and the saw-plate. 

A saw when properly hung should, in the horizontal 
line, incline very slightly towards the timber, so that the 
teeth at the back of the saw may rise without tearing or 
scoring the wood. • 

In sawing soft wood, it is a mistake to use saws with an 
excessive number of teeth, as the more the teeth the more 
the power required ; we need hardly say, however, there 
is a point below which the number of teeth cannot he de- 
creased with advantage. For sawing hard wood, however, 
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the number of saw teeth should be increased to about one- 
third more than for soft wood ; no arbitrary rules can, 
however, be laid down, as the conditions under and the 
materials on which circular saws operate are so extremely 
varied that it can only resolve itself into a matter of prac- 
tical experience. For accurately gauging the cut, an 
index can with advantage be marked into the face of the 
bench. Occasionally new saws may become wavy and 
pliant, and run out of truth, from revolving at too great a 
speed ; this, of course, should be guarded against as far 
as possible : it is, however, liable to occur in a saw bench 
which is used with large and small saws, running at the 
same speed. Occasionally sa\vs will be found to wabble, 
when by steadying them on the side with the deal or piece 
of wood being sawn they will run true again. A skilful 
sawyer can tell by trying it with his finger, when running, 
whether and where a saw is “tight” or “loose,” or, in 
other words, when it is buckled or out of truth, even if it 
be only slight. 

In working timber or saw frames one of the most im- 
portant points is to see that the saws arc properly and 
firmly hung in their swing frames ; this is a matter that 
does not always receive the care it deserves, the result 
being buckled saws. Various plans for hanging and 
straining saws mechanically have been introduced, 'but 
have met with little success. The usual plan in vogue is 
to strain them by means of steel buckles and keys or 
wedges, the keys resting on the top edge of the cross-rail 
of the swing frame. The blades arc strained and tight- 
ened by driving up the wedges ; as an enormous strain 
can be put on the saws by these means, amounting to 
several tons per saw, great care should be exercised in 
performing this operation. The only guide or index as to 
when a saw is strained tight enough is a peculiar cry or 
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Bound given out by the blade as it becomes tense ; ex- 
perience only can tell by the sound when the right amount 
of tension is secured. 

The top edge of the cross-rail should in all cases be 
faced with steel, as the keys will dig into iron, and con- 
siderable difficulty will after a time be found in fixing 
them true. The packing pieces should be uniform in 
size, and preferably made of lignum-vitse, or other very 
hard wood, and the packing screws should not be screwed 
up tighter than is necessary to keep them firmly in 
position. 

The lead of the saws in the swing frame — i.e., the 
amount of distance the top of the blade should overhang 
the bottom — should always be regulated by the nature of 
the wood being cut, leaving dimple room for the escape of 
the sawdust during the hack or upward stroke of the saw; 
from £ in. for hard wood to £ in. for soft wood is usually 
sufficient : the feed for hard and soft wood should vary 
from 1 ft. to 3 ft. per minute. 

The eccentric by which .the feed motion is actuated 
should be set so as to bring the wood forward during the 
upward stroke of the saw ; this lessens the chance of the 
saws buckling, from getting choked, and they come into 
the cut with greater freedom. Care should be taken in 
adjusting the side-pressure rollers, and they should not 
be weighted too heavily, as the friction of the deal in 
passing through the frame is thus much increased, with- 
out any corresponding advantage. Special care in lubri- 
cating the connecting rod bearings should be taken, as 
there is a considerable amount of friction on these, and, 
if they are once allowed to get hot and seize, they may 
give a considerable amount of trouble. 

The chief difficulty encountered in working band-saw 
machines is the constant breakage of the blades ; al- 
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though this cannot be entirely done away with, it may, by 
careful management, be considerably modified. It can- 
not be denied that many breakages are caused through 
badly designed and constructed machines, saw wheels too 
heavy, improperly balanced, of too small diameter, or 
mounted rigidly, and thus not giving the necessary elastic 
tension to the saw blades, the main frame of the machine 
of too light a section or too high, thus allowing vibration, 
and various other small details which mark the difference 
between a bad machine and good ones. If saw wheels 
are too heavy or the least out of balance, the centrifugal 
force set in motion when they are running, causes a con- 
stant lurching or jumping motion on the wheel which is 
sufficient, to break the best saw blades. 

The saw wheels should be -as light as possible consis- 
tent with strength. In some machines of modern con- 
struction the wheels are made of wrought iron with 
hollow spokes, the rim of the wheel being slightly chan- 
nelled, and filled in with papier-mache or leather ; this 
arrangement secures extreme lightness combined with 
strength. We prefer to run band-saw wheels without 
flanges on them, as they are apt to heat and twist the 
saw ; the saw can readily be kept true on the wheels, and 
its lead altered by slightly canting the top wheel. 

A very important point in working band saw T s is to 
secure a constant and even tension on the saw blade ; at 
the same time, the tension should be elastic, and not 
rigid, to allow for the expansion and contraction of the 
blade, as when working, the friction c sets up a certain 
amount of heat, which causes the blade to expand, and 
when the machine is at rest, and the blade becomes cool, 
it contracts again. The saw blade should in all cases be 
slackened out after finishing work, so that it may have 
free liberty to contract, which it has not if left tight on 
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the saw wheels, even when a spring or weight arrange- 
ment to allow for expansion or contraction is fitted. 
These precautions will tend to prolong the life of a band 
saw. Should the saw catch in a knot or nail and give a 
jump, if the top saw wheel is mounted rigidly it will 
almost invariably snap, but should it be elastically 
mounted in connection with a spring or weighted lever 
arrangement it will give with the saw, and so save its 
fracture. 

In sawing resinous woods it is necessary to keep the 
blade clean by lubricating it; this can be done by making 
the saw run through an oil-box guide, one box placed on 
either side of the saw, and one at the back, the sides of 
the boxes nearest the blade being adjustable to the gauge 
of the saw, and drilled with a number of small holes 
through which the oil can percolate ; small hard brushes 
to sweep the saw can also be fitted with advantage. 

Another fruitful cause of the breakage of the blades is 
an improper method of receiving the back thrust of the 
saw. The best way to do this has been the subject of 
considerable discussion ; we ourselves fix a saw guide 
immediately below the table, and another immediately 
above the top of the cut, and fit a revolving steel disc to 
receive tli3 back thrust to the packing pieces fitted into 
the table. We prefer a revolving disc to a fixed one, as 
the back of the blade does not so readily cut into it. 
When a disc is allowed to get deeply grooved the saw 
blade gets buckled and twisted, and frequently breaks. 
We take it to be a very important point in the true work- 
ing of a band saw that adequate means are taken to guide 
it when it enters and leaves the wood ; this can be 
effected by means of adjustable wooden side guides, and 
for preventing wide saws running from the line when 
sawing heavy timber we have found, in addition to thr 
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ordinary guides, side friction rollers placed on a sp’ndle 
vertically, and arranged to guide from the teeth of the 
saw, tolerably efficacious. 

For cutting regular fixed curves, such as those in wheel 
felloes, it will be found more exact and expeditious to fit 
a light radial arm to the table than to guide the wood 
through the saw by hand. It is a mistake in any kind of 
band-sawing to employ blades of a stout gauge, and we 
think even in very heavy sawing, such as breaking down 
logs, nothing is gained by using very wide blades, say 
above 3£ in. wide, to say nothing of their extra first cost 
and expense of their renewal or repair. In breaking 
down logs saw wheels of not less than 5 ft. diameter 
should be employed, and 6 ft. would be better. 
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CHAPTER XXL 

SPEEDS OF WOOD-WORKING MACHINERY. 

On few points connected with wood conversion is there 
more difference of opinion than as to the question of 
speeds. Year by year the speeds of various machines 
have been increased, till in some cases they have been 
carried to an absurd point. We may as well say here we 
believe in high speeds but not excessive speeds. The 
question will probably be at once asked, What is an 
excessive speed? We take it that an excessive speed 
is that which is above what is necessary, or in other words 
goes beyond a certain limit without giving corresponding 
advantages cither in quality or quantity of the output. 
Referring to wood- working machinery iri particular, if a 
sawing or planing machine is driven at a very great rate 
of speed, it may or may not give an improved and 
increased output for a time, but if the speed is excessive, 
this is rapidly counterbalanced by the early deterioration 
of the machine and the greater difficulty of keeping it and 
the various cutting instruments in order. We hear of 
some people asserting that so long as a machine will 
stand it, or in other words so long as the working parts 
will hold together, there is no limit to the speed which 
should be jiut on it. This inaj T be all very well to write or 
theorize about, but in practice it must be held to be 
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arrant nonsense. The problem, to solve is, what is the 
best speed for the various wood-working tools to run, to 
give the best results in quality and quantity of output, 
with comparative freedom from breakdowns and conse- 
quent repairs ? As the principles, nature of material, 
and circumstances involved in the operations of wood- 
working machines are so many and so diverse, it is 
extremely difficult, if not impossible, to lay down a fixed 
basis of speeds that may be generally applied. We will, 
however, discuss briefly a few of the machines most 
in use, and the speeds best suited to their requiie- 
ments. 

Commencing first with circular saws for ripping, for 
sawing soft and medium woods such as pine, a speed of 
about 9,000ft. traverse per minute at the points of the 
teeth is now usually recognized as a standard speed for 
general work. This, however, can in the case of cross- 
cutting be increased with advantage another 1,000ft. per 
minute, and for circular saws we consider this a fair limit, 
and we have yet to be convinced that any speed in ad- 
dition to this serves any useful purpose, or is in any way 
necessary or desirable. It ma} r , however, we think, be 
taken as a fact that most of the circular saws at present 
it work in this country do not come up to this speed. 
But what will our readers think of the statement recently 
made by a young writer on wood-working machinery, that 
in America users sometimes drive at nearly 17,000ft. 
per minute? Jt is extraordinary what a lot of wonderful 
things take place in America, but this beats anything in 
wood-cutting the author ever came across, and he would 
much like to see one of these saw benches in operation ; 
he need hardly say the speed thus given is absurd, and 
practically speaking impossible. 

Supposing a circular saw, say bOin. in diameter and 
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12 gauge, be put on a spindle and the speed gradually 
increased till it reaches at the periphery say 12,000ft. or 
13,000ft. per minute, it usually will become wavy and 
pliant, and run untrue ; it therefore follows that not only 
is the extra speed entirely unnecessary, but it is posi- 
tively detrimental, as more power is consumed, and more 
heat engendered in the bearings, spindle, and saw plate : 
extra lubrication is therefore required, and the belts 
deteriorate more rapidly. We should, however, prefer, 
in wood conversion, to err on the side of high speeds 
instead of low, as this necessitates a perfect workmanship 
and finish not always found in these days of so-called 
“ cheap ” machinery ; ^ut we think the happy medium in 
speed, as in most other things, is the point to aim at. 

In sawing very hard wood the speed of both the saw 
and the feed of the wood should be reduced, the former 
about one-quarter and the hitter one-half or even less. 
Most circular saw benches with a self-acting feed are 
arranged so that the feed may be varied from 5ft. to 
60ft. per minute, according to the nature of the wood to 
be operated on. It may be taken as a rule the higher 
the speed at which a saw runs, the fewer teeth are 
required, the cutting action of the saw becoming more 
and more continuous ; and we are inclined to think that 
some of tlie circular saws made in this country, for 
sawing soft wood especially, contain too many teetli 
thus more power is consumed without a corresponding 
increase in the cutting action of the saw — in fact, in some 
cases it is considerably less, as, owing to the number of 
teeth, the throat or dust space is insufficient to allow of 
the instant escape of the sawdust. For thin sawing with 
a circular saw at high speeds we recommend the use of a 
saw with taper ground flanges. 

Passing next to reciprocating saws, the cutting and 
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feed speed of these mast necessarily vary according to 
the size and nature of the wood being sawn and the con- 
struction of the machine in use; thus a saw frame which 
carries two sets of saws which balance each other, or in 
other words where the two cranks on the driving shaft are 
on the same plane in opposite directions, and therefore 
the resistance of the cut and the weight of the saws will 
be balanced at every point of a revolution, can be safely 
run at a much higher speed than a frame of the ordinary 
type ; thus an ordinary log frame driven from below to 
cut heavy timber, say 4ft. deep and carrying a number of 
saws, should not be driven much beyond 120 strokes per 
minute, whilst a balanced deal frame to cut say up to 
14in. may be safely run at 300 strokes per minute. The 
speed of frames carrying a single saw, whether arranged 
horizontally or vertically, can with advantage be consider- 
ably increased, and a single-bladod frame to cut a 4ft. 
log can be safely speeded at 160 strokes per minute. Again, 
a small self-contained deal frame may safely be run at a 
higher speed than one that is not self-contained. It will 
thus be seen it is impossible to lay down a basis of speeds 
for reciprocating saws; we purpose, however, giving a 
table of speeds that we have found suitable to the various 
machines. 

The speed of the feed also must be varied according to 
the number of saws carried and the nature of the wood 
being sawn. For very hard wood a feed of Gin. per 
minute is suitable, whilst for very soft wood as much as 
30in. may be cut in the same time ; it is a great mistake, 
however, to force the feed, as the sawAust lias not time 
to escape, and the saws become choked and buckled and 
run out of line. We take it that in all kinds of sawing it 
will be found better and more profitable to do a fair 
amount of sawing thoroughly well than to do an increased 
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amount badly. This is proved by the discount often 
taken off badly-sawn deals, which cost precisely the same 
to send to this country. A great improvement, however, in 
the quality of the sawing has, no doubt, taken place of 
late years. 

Where high speeds are attempted the bearings should 
be of increased length, the various working details very 
accurately finished, and all revolving parts carefully 
balanced. The moving parts should combine strength 
with lightness, .as far as possible ; and, unless all these 
points are borne in mind, high speeds will without doubt 
end in disappointment to the users of the machines. 

The speeds of the various machines should be kept as 
equable as possible; ample motive power should there- 
fore always be employed/ In arranging the pulleys for 
running any kind of wood-working machinery, to obtain 
the correct amount of speed an allowance of about per 
cent, should be made for slip : this, however, should bo 
increased if the belts are run in a vertical line or at short 
centres. 

Passing next to band saws : in these, as in circular saws, 
the cut is, practically speaking, continuous. Owing 
chiefly to the thinness of the gauge, the small area of 
the blade which operates on the wood at one time, and 
the constant cooling action which is going on as the saw 
passes through the air, a comparatively small amount of 
heat is engendered; the saw therefore can be run at a 
considerable speed without detriment. On machines in 
which the saw wheels are of small diameter, say below 
3Gin., and where the arc of contact of the saw on the 
wheels is necessarily more acute, the speed of the saw 
blade should not much exceed 4,500ft. per minute for all 
ordinary kinds of sawing. With saw wheels above 36in. 
diameter this speed may safely be increased up to 6,000ft. 
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per minute ; this is, however, on the supposition that the 
top wheel is of the lightest construction, and mounted 
elastically, ?.<?., has a spring or other adjustment to allow 
for the expansion or contraction of the saw blade ; but no 
good machines are now made without this. 

We do not see any advantage in running band saws 
beyond 6,000ft. per minute, as the breakages are in- 
creased without any corresponding gain. As most of the 
work of a band saw is fed by hand, and is sometimes 
intricate, it cannot in any case be advanced through the 
saw at a greatly increased speed. 

In sawing hard woods, the speed of the blade should 
be, but rarely is, reduced ; for sawing very hard wood or 
ivory one-sixth the ordinary speed will be sufficient ; for 
sawing iron the speed should be about 250ft. per minute. 

In sharpening saws, cutters, &c., by means of emery 
wheels or discs it will be found that the speed at which 
the wheel is run has much to do with its cutting action. 
An emery wheel of good quality should have a grit hard 
and sharp enough to cut almost any material, but the 
coarseness or fineness of the grit should be varied accord- 
ing to the nature of the work in hand. A speed at the 
periphery of from 4,500ft. to 6,000ft. per minute will be 
found suitable for most purposes. The slower speed will 
be found most suitable for small wheels, say up to 12in. 
diameter. Above this size the speed at the periphery 
should be increased in ratio to the diameter of the wheel, 
say 100ft. extra speed for every inch increase in diameter. 
If wheels are run at too slow a speed, their cutting action 
is much impaired, and good wheels have sometimes been 
condemned from this cause, although it must be admitted 
that there are many wheels of inferior quality sold. 
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Table of Speeds (Approximate) for Wood- 
working Machinery. 

Circular saws for ripping soft wood, 9,000ft. per min. at the periphery. 
„ „ hard „ f»,80() „ „ 

,, cross-cutting soft „ 10,000 M „ 

n hard ,, 7 ,500 „ „ 


Mill or Reciprocating Saws , designed to carry not more 
than one Saw per 1 in. width of Saio or Swing Frame . 


To cut logs up 

to 4 ft. Oin. 

square, 110 revs, per minute. 

»» 

31 1. Gin. 

M 

120 „ 

• 

II 

3 ft. Oin. 

II 

125 „ 

N 

2ft.«Giri. 

»» 

135 

»» 

2ft. Oin. 

»» 

155 „ 

if 

1ft. Gin. 

„ 

180 


Double Equilibrium Deal Sawing Frames (Balanced 
Swing Frames ). 

To cut two deals up to Min. x Gin., 300 revs, per minute. 

„ „ ISin. x Cm., 2(10 „ 

„ „ 24in. x 7in., 220 „ 


Single Deal Sawing Frames . 

To cut one deal up to 11 in. x 3 in., 200 revs per minute, 

,, ' „ 14iu. x 4 i n . , 250 „ 

,, ,. 18in. x Gin , 215 „ 

If these frames are made self-contained these speeds may be increased 
\0 per cent. 


Si r gle-bladcd Saw Frames . 

To cut logs 4ft. Oin. square, IfiO revs, per minute, 

tt 3ft. Gin. „ 170 „ 

kl 3ft. Oin. „ 185 

„ 2ft. Gin. „ 205 

2ft. Oin. „ 220 


»» 
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Band Stows. 

Band saw blades running on wheels up to 3ft. diameter— 

Traverse of Saw-lAade 
per minute. 

For sawing soft and medium woods = up to 4,500 feet. 

H’ hard ,, = ,, 3,500 „ 

„ very hard do., ivory, kc. = „ 750 „ 

, iron = „ 250 M 

With saw wheels, above 3ft. diameter, the speed of 
the saw blade maybe gradually advanced as the diameter 
of the wheels increases — say 500ft. traverse per minute 
for even' Gin. increase of diameter — up to G, 000ft. per 
minute for soft wood. * 

Jiflfjcr Saics, 

Jigger saws, to cut 12 in. deep, S00 to 1,000 revs, per minute. 

Planinrj Machines, 

The cutting edges of planing and moulding irons — 
when two only are employed and arranged on cutter 
blocks, varying in diameter from 4in. to Din. in 
diameter — should be speeded to travel from 5,000ft. 
to 6,000ft. per minute, with cutter blocks of a larger 
diameter than Din., this speed may be somewhat in- 
creased, but should never, no matter how large the 
diameter of the cutter blocks, exceed D, 000ft. per 
minute. 

Should the cutter blocks be arranged with three 
knives, as is now done in the most advanced machines, 
the number of revolutions necessary wBl be about one- 
third less than when only two knives are used, as the 
cut is more continuous, or a quicker feed may be used. 
Vertical spindle shaping and moulding machines may be 
run at the same speeds. 
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Mortising Machines ( Reciprocating ). 

Heavy machines, for railway wagon work, to mortice up to— 

Sin. wide 175 to 275 strokes per minute. 

lin. „ 200 to 300 

liu. „ (movable tabic) 275 to 400 „ 

Rotary Mortising and Boring Machines . 

Mortising bits, for soft woo l, 2,000 revs, per minute. 

„ hal’d „ 1,200 „ 

Tenoning Machines . 

Of cutting edge per minute. 

Heavy machines for tailway wagon work, 2,500ft. to 3,500ft. 

Light „ • joiners builders’ „ 3,000ft. to 4,000ft. 

Emery Wheels. 

For saw sharpening, &c. •• . . 4,500ft. to G, 000ft. 

As the various miscellaneous wood-working machines 
are so numerous, and differ so much in construction 
and modes of working, the author does not attempt to 
give a table of speeds for these ; and he wishes it to be 
quite understood that the table already given must not 
be considered arbitrary, hut will nevertheless furnish, 
he trusts, a tolerably reliable guide. 


Speeds of Feed (Approximate) for Wood-working 
Machines. 

Circular saw benches, with rope food, 5ft. to 50ft. per minute. 

„ .. mill i „ 30ft. to 7r.lt. „ 

,, „ lack „ 5ft. to 00ft. „ 

i 

Log-saw nig frames. Gin. to 2ft. per mmutc. 

Deal-sawing frames, 1ft. Oin. to 2ft. Gin. per minute. 

Light do. (chain feed) 1ft. Gin. to 4ft. Oin. „ 

6inglc-bladed sawing frames, 1ft to 3ft. Gin. per minute. 
Band-sawing machine (self-acting feed), 5ft. to 25ft. per minute 
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Planing Machines. 

Boiler feed, 10ft. to 40ft. per minima 

Traversing tabic or trying-up, 6ft. to 30ft. „ 

Squaring-up (Bramah type), 6ft. to 20ft. „ 

Moulding machines, 6ft. to 60ft. „ 

N.B.— It must be borne in mind that the slowest feeds given are for 
very hard or difficult woods, and the fastest for soft and easy j and it 
will be found that most machines arc arranged to feed at a variety of 
speeds in between the figures given : these arc called into use according 
to the nature of the wood being worked, the most suitable speed being 
left to the judgment of the operator. 




POWER REQUIRED FOR VARIOUS MACHINES. 219 


CHAPTER XXII. 

POWER REQUIRED FOR VARIOUS MACHINES. 

As we have before remarked, in running wood-working 
machinery it is important that ample motive power is 
provided, as any irregularity in running or reduction 
from the proper speed produces inferior output. It is 
difficult to determine without taking indicator diagrams 
the absolute amount of power required to drive any 
given machine ; and even supposing this to be done, 
the conditions under which the machine works, the 
nature of the wood, condition of the saw teeth, tools, 
&c., vary so much, that no given power can be con- 
sidered arbitrary under all circumstances. All that we 
can therefore do is to give as a guide the approximate 
power required to drive the various machines working 
under ordinary conditions. Should excessively hard, 
tough, or difficult wood be worked, these powers should 
he increased, say 15 to 20 per cent. It must be under- 
stood that the powers given, are supposing that a number 
of them are taken from one engine ; should a single 
machine only be driven, an engine of the capacity marked 
would not as a rule be sufficient to drive it at its full 
speed. 

Commencing with circular saw benches, these require 
more power to perform a certain amount of duty than 
any other wood-working machine. 
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For sawing a 9in. deal, an engine of not less than 
6-h.p. should be used, and for every Sin. in depth of 
wood a horse power should be added, up to say 18in. 
Afterwards a horse for every 6in. will be sufficient for 
soft wood ; for hard wood 20 per cent, extra power will be 
required : the above engine power is estimated at 801bs. 
boiler pressure. Should the engine be worked at a 
higher pressure than this, its size may be reduced in 
proportion. For cross cutting add 20 per cent, on the 
power given above. 


Saw Frames, driven by belts, and calculated to carry one 
Saw to lin. 

, A vertigo power required 
To cut logs 18in. x 18in. 4-liorsc. 

„ 24in. x 24 in. 6 „ 

„ 30 in. x .‘iOin. 8 „ 

„ 3(;in. x 3Gin. 10 lf 

„ 42in. x 42in. 12 „ 

„ 48in, x 48in. 14 „ 

Singlc-bladed frames, to cut the same sizes as above, will take ap- 
proximately onc-foui tli the powers given. 


Deal Fravies. 

Average power required. 

To cut two deals 11 in. x 3in. 4-horse. 

„ Min. x 5in. 6 „ 

„ 18in. x Gin. fi 

„ 24 in. x Tin. 7 „ 

Single deal frames, to cut the same size as above, will take approxi 
mately two- thirds of the powers given. 


Band Sawing Machines. 

Tor cutting soft woods, 1 -horse power for every 12in. of deplh cut, 
„ hard ,, 1$ *> » »» 
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Jigger Saw. 

To cut up to 9in. deep, 1-horsc power. 


Planing Machines . 

Average power required. 

Roller-feed 4-cuttcr machines, to plane bo.'irds 9in. x Bin., 5-horse power 

Adding 1-horse power for every Sin. increase of width with lm. of 
thickness planed. 

For hard wood 20 per cent, to he added on to the powers given. 

For double cutter machines one-quarter may be deducted from the 
powers given above. 

If fixed finishing-irons arc used 20 per cent, should be added to the 
powers given above. # 


Tnjtng-up and Planing Machines , with Travelling Table. 

* • 

To plane wood 15in. by 15in., 3-horse power. 

For every Bin. increase in width planed, add j-horsc power. 

For hard woods, add 20 per cent, on to the powers given, 


Moulding Machines. 

Roller-feed 4-cutter machines, to mould Gin. wide, 3-horsc power. 
For every Bin. increase in width add 1-horse power. 

Tenoning Machines. 

Large double, for railway work, 4 -horse power, 

builders’ tenoning (Gin. cutter blocks), 2 „ 


Vertical Mortising and Boring Machines. 

To mortise up to — 

2in. wide, and take wood 12in, x 12in. wide, 2£-horse power. 
. ., 15in. x 1 5in. „ 3 „ 


Horizontal Slot Mortising Machine. 

To mortise up to 2in. wide, IJ-horse power. 
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Veneer Slicing Machine . 

30in. wide, 4-horse power. 

For every Gin. increase in width add 1 -horse power. 

Shaping and Irregular Moulding Machine . 

To cut Gin. deep (single spindle), 1 J-horse power. 

» (double „ ), 2J H 

Rounding Machine . 

To finish up to 3in. diameter, 2J-horsc power 

0 

Wood-turning Lathe . 

lOin. centre lathe, 1 -horse power. 

Grindstone (with Water of Ayr Stone). 

Stone 4ft. Gin. diameter x 9in. wide, 2 to 3-horse power 

Saw -sharpening Machine • 

Half-horse power. 

Spoke-shaping Machine . 

To shape 1 spoke at a time, 1 J-horse power. 

For every extra spoke dressed at the same time add J-horse power. 

Spolce-tanging and Felloe-loring Machine • 

For wheels up to Gft. diameter, 2J-horsc power. 

Felloe-shaping Machine . 

Double spindle (haid wood), Gin. deep, 3-horse power 

Wheel Stock-boring Machine . 

To bore hole 3im diameter (hard wood), 3-horse power. 
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CHAPTER XXIII. 

ON CONSUMING SMOKE AND ECONOMISING FUEL. 

As the consumption of smoke and economy of fuel 
are matters which will become yearly of more and more 
importance, it may be of interest to extend the remarks 
we have already made on the subject, and note briefly 
some of the most salient points found in some of the 
various apparatuses which have been designed to promote 
combustion and prevent smoke. A very large number 
of plans have been tried, including mechanical stoking, 
improved furnace doors, improved fire bars, and various 
methods of introducing air or steam into the combustion 
chamber. 

To make perfect combustion, it is well known that two 
equivalents of oxygen to one of carbon are needed, but 
all the inventions at present tried fail either partially or 
entirely to effect this combination perfectly ; hence the 
formation of carbonic oxide and consequent waste of 
fuel. Although the various plans now in vogue fail to 
produce perfect combustion with any and every kind of 
fuel, it cannot be denied that much improvement has 
been and will be effected as the scientific setting and 
arrangement of boilers and the chemical principles 
embodied in the combustion of fuel become better 
understood. ■ 
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We will first briefly notice the different plans of 
mechanical and hand stoking, as these play a somewhat 
important part in the perfect combustion of fuel. 

In stoking Cornish or Lancashire boilers by hand 
three systems of firing are in vogue : spreading, alter- 
nate firing, and coking. We are rather in favour of the 
spreading method, at any rate for small inferior coal, 
although the coking with some kinds of coal has the 
advantage of producing little smoke. To secure the 
best results in Cornish and Lancashire boilers a thicker 
fire is necessary than in tubular boilers. In the latter 
4in. in depth is generally found sufficient, but in Cornish 
or Lancashire boilers a depth of about 10 to 12in. is 
to be preferred. In hand stoking, as we have before 
remarked, much depends on the care of the stoker as to 
the prevention of smoke; but no matter how careful a 
man may be to secure steady and equal firing, with most 
furnaces the constant opening of the door and the con- 
sequent rush of cold air into the combustion chamber in 
a great measure neutralize his efforts. As some of our 
readers may not be quite clear on the point, it may be 
as well to remark here, that to secure perf ect combustion, 
the air, before it will mix readily with the various gases 
found in the furnace, must be raised to several hundred 
degrees of heat; hence the rush of perfectly cold air 
when the door is opened has really for a time a 
detrimental effect. 

Most of the mechanical stokers in use have been 
designed to obviate this constant opening of the fire 
doors and rush of cold air, but at the same time to keep 
up a constant and even supply of coal to the fire, with a 
sufficient admission of air to ensure combustion and no 
more. Mechanical stokers are constructed on a variety 
of plans : in some the luel is projected on the fire by 
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revolving fans, in others it is blown in by blasts of hot 
air or steam, or pushed forward by rammers, or thrown 
in by shovels after the fashion of hand stoking. 

It may here be as well to say that, before arranging 
any apparatus for the prevention of smoke, care should be 
taken that the boiler is what we may call scientifically 
set, and the furnace and flues properly proportioned to 
admit an adequate, and not excessive, amount of air; 
and unless these precautions are observed, the action of 
any smoke consumer is in a great measure neutralized. 
The fire bars in Cornish boilers should be so arranged 
that the fire at the bridge end of the furnace is con- 
siderably lower than at the front ; this causes the fire to 
lead towards the door in a degree, and gives time for the 
temperature of the air admitted from the bridge to be 
raised, and mingle with the various gases before pass- 
ing into the flues. This arrangement is particularly 
necessary in saw-mills, where, from the variety of the 
fuel used, a very fierce fire is often produced. There is 
little doubt that mechanical stoking has much to com- 
mend it, and with large users of steam power is steadily 
making headway. The nearest mechanical approach to 
hand stoking with which we are acquainted is an appa- 
ratus which really throws the fuel on to the fire. It 
consists briefly of a lantern wheel, compression spring, 
and shovel, which can be adjusted so as to throw the 
coal to the back, middle, and front of the fire, thus 
giving a uniform covering of fuel to the fire, which is 
so important a point in economizing fuel and preventing 
smoke. 

Another system of mechanical stoking consists in 
arranging plungers which feed the fuel on to a first series 
of moving fire bars, where it becomes more or less coked, 
and by their, movement is carried on to a grated plate 

Q 
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and forced into the flue, where the combustion is com- 
pleted, the clinkers being removed at intervals from the 
bottom of the flue. By tins system the ordinary bridge 
arrangement is done away with, and it is claimed for it 
that the action of the fire is thus more uniformly diffused, 
and better evaporative results secured through the heat- 
ing surface being extended instead of being limited to a 
small part of the flue, as is the case where bridges arc 
employed. 

In another plan for automatic stoking, the coal is in- 
jected into the furnace and spread over the fire by means 
of a blast of hot air ; the coal is supplied to hoppers in 
the front of the boiler, and passes from these to crushing 
rolls, which break the coal up to a uniform size, and pass 
it on to a delivery shoot : a blast of heated air is brought 
by means of a pipe to the end of the shoot, and carries 
the coal forward and distributes it over the fire. The 
blast of air is produced by means of a fan blower, and 
becomes heated bv carrying the delivery pipe along one 
of the side flues of the boiler. In other mechanical 
stokers the fire bars are arranged alternately, fixed and 
movable, the latter being moved to and fro and up and 
down by gearing which carries the fuel gradually forward 
till combustion is completed. 

A system of mechanical stoking which differs essen- 
tially from those we have described consists in carrying 
the coal along under the fire bars and forcing it up into 
the fire. We are inclined to think the plan of feeding 
the coal to the bottom of the fire is.tlie correct one, but 
the difficulty has been how to accomplish this satis- 
factorily. In one arrangement (the Helix), instead of 
the furnace floor consisting entirely of fire bars, some 
are omitted, and in their stead two or more long troughs 
are placed and connected with openings along taper tubes 
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placed btneath the fire bars. The wide ends of the tubes 
continue under the dead plate and join a feed trough and 
hopper box which crosses the front of the furnace. 
Passing through the feed trough and filling the taper 
tubes, long augcr-like screws are placed and receive either 
an intermittent motion from ratchets and pawls or a con- 
tinuous motion from worm wheels and worms carried on 
a shaft running in front of the furnace. A large hopper 
supplies the coal to the feed trough, and the screws carry 
it into and along the taper tubes and lift it up through 
the openings before described into the fire in proper pro- 
portions throughout the length of the furnace. The 
spaces between the tuftes are fitted with suitable bars, 
which have a backward apd forward motion imparted to 
them, and the burning fuel is carried into a subsidiary 
grate placed at the end of the furnace. This grate is 
so arranged that it can be tilted up by the fireman when 
he wishes to remove the clinkers. As all the fresh coal 
has in this arrangement to pass through the fire, a com- 
paratively small amount of the various gases can escape, 
and we shall look with interest to the further extension 
and development of this system. 

In saw-mills, when the sawdust, shavings, &c., are 
regularly burnt with the coal, mechanical stokers arc not 
easily applicable ; but in towns where the sawdust is sold, 
we can strongly recommend their adoption, as they pos- 
sess decided advantages over hand stoking on the score 
of economy of coal, botli as regards the amount con- 
sumed and the quality necessary , at the same time a 
more even pressure of steam can be kept up with less 
labour. 

In saw-mills, where mechanical stoking cannot well be 
introduced, the combustion of the fuel can be much im- 
proved by a judicious arrangement of fire bars and bridge. 
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A large variety of fire bars are in use, good, bad, and in- 
different. It is impossible to notice here many of these, 
but we will state briefly what we think should be com- 
bined in an eflicient set of fire bars : — 1, simplicity ; 2, 
large air space, evenly distributed ; 3, should keep cool and 
not readily bum out or warp ; 4, air spaces readily 
cleared. As regards the amount of air space necessary, 
no arbitrary rules can be laid down. For instance, a very 
much greater admission of air would be required to burn 
an anthracite coal than to burn an ordinary bituminous 
coal ; but roughly, an area for the admission of air of 
from four to six square inches for each square foot of 
grate bar surface should be provided. This air space 
should be evenly distributed, or the fire will be found to 
burn patchy. 

With coal which forms a large amount of clinker rock- 
ing fire bars will be found very useful. We prefer to rock 
every alternate bar, leaving the intermediate ones sta- 
tionaiy, as the bars that are rocked can thus break up the 
clinkers more effectually than if they all rocked at once, 
and so to say lifted the fire bodily. At the same time, 
when rocking bars are used it is unnecessary for the 
stoker to frequently open the furnace door to break up 
the clinkers with a rake or drag. 

Supposing a constant and regular supply of coal to the 
fire to be secured, the next point is to admit to the fur- 
nace or fire box the right amount of oxygen to secure 
perfect combustion, as that admitted through the fire 
bars is usually insufficient. There tire several plans of 
admitting air, both from the door and the bridge of the 
the furnace, and having tried both methods we are in 
favour of air admitted from the bridge. We have already 
noticed and illustrated one simple method of doing this, 
either by means of valves or by an air chamber with a 
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perforated bridge or arch ; we like the latter arrangement. 
Whatever the plan used, care should be taken that the 
air is heated to a considerable temperature, say 800 ° 
Fahr., before it is allowed to enter the combustion 
chamber. This can generally be secured by forming a 
hot-air chamber in the bridge, the admission of air to 
which and to the combustion chamber can be regulated 
by a valve worked from the furnace front by a lever. In 
stoking, it should always be borne in mind that the 
supply of air to aid combustion is required when fresh 
fuel is supplied to the fire ; after it has burnt up, little or 
none is required, ‘except what passes up through the fire 
bars. • 

In boilers where hand stoking is in vogue, and no fuel 
economizer is used, this constant admission of cold air 
through the furnace door should be guarded against, as 
it causes a waste of fuel, and also a contraction of the 
boiler plates, cooling them down at the same time. 

Many plans for the introduction of heated air into the 
combustion chamber are in use. In one lately intro- 
duced from America (Onus’ Patent) pure steam is taken 
from the boiler and brought by a small pipe down and 
across the furnace front into globes which are fixed on 
either side of the furnace door. To the bottom of these 
globes air pipes are attached, and the action of the 
steam jets contained in the globes causes a partial vacuum 
in the air pipes; and air is thus brought into the globes 
and mixed with the steam, and so forced through inlet 
pipes into the furnace and over the surface of the fire: 
the pressure of the steam is regulated by valves. We 
have recently seen a boiler fitted with this apparatus, 
and it apparently does its work well, but the objection to 
all appliances in which steam is employed is that it is 
often misused and wasted; thus the saving from the 
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improved combustion may be counterbalanced by the 
waste of steam. 

One of the objections found to anthracite coal for 
raising steam is that it rapidly burns away fire bars of 
the ordinary type ; to overcome this various plans have 
been introduced. One of the most successful is a water 
hearth consisting of a shallow box made of boiler plates, 
and through which the water of the boiler circulates ; 
this takes the place of the ordinary fire bars. The hearth 
is connected with the boiler by two pipes, is always full 
of water, and a constant circulation is kept up, as the 
water is made to enter the hearth at its lowest point, and, 
as it absorbs heat from the furnace plate, rises through 
the pipes into the boiler: thus a constant and rapid 
circulation is kept up, and the temperature of the hearth 
is uniform. 

As anthracite coal is practically speaking smokeless, 
and evolves a great heat, the question of its general 
adoption as a fuel for producing steam can only be a 
question of time, or when a sufficiently simple and perfect 
apparatus has been devised that will do away with the 
one or two present objections to its use. The apparatus 
which we have just described must be held to be a step 
in this direction. 

A simple hand-feeding apparatus for the prevention of 
smoke has recently been patented (Engert), and as it is 
tolerably efficacious, and easily adapted to most kinds of 
boilers, it deserves more than a passing notice. It may 
be described as follows : — the object e»f the invention is 
to prevent the generation of smoke by preventing the 
undue admission of cold air into the furnace. To this 
end the inventor has removed the ordinary furnace door, 
and has fitted a square iron box on to the boiler in its 
place. This box is of the same size as the door, and is 
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closed with a door. Just inside this door is an iron 
shutter. To regulate the fire, the stoker, after having 
opened the door, pushes the front shutter partially up, 
which causes the inner shutter to be partially lowered 
towards the burning mass of fuel, the cold air by this 
means being prevented rushing under the boiler. In 
coaling, the front shutter is pushed quite up, which 
brings the rear shutter quite down, and prevents the 
escape of the gases. The coals having been placed on 
the front portion of the furnace, the gases rising directly 
from them are drawn into the other part of the furnace, 
and are there consumed, no smoke being formed, all 
combustible matter being properly used. The furnace 
door is then closed, and after the lapse of a few minutes 
the shutter is partially and afterwards entirely lowered, 
the rear one being consequently raised. By this means 
the formation of smoke is prevented. 

In vertical boilers the principle of this invention is 
utilized by forming a small coking chamber on either 
side of the boiler, and feeding the coal as it becomes 
coked gradually into the fire on either side by means of 
a hand wheel working a plunger. The above are the best 
hand- feeding arrangements for preventing smoke with 
which we are acquainted. 

"With some classes of coal, especially those forming 
much clinkers, revolving fire bars, combined with an 
air and steam injector, will be found efficacious, as by 
revolving the bars the clinkers are readily discharged, 
and the air injector can be regulated to supply the 
requisite amount of air to effect a tolerably perfect 
combustion. 
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CHAPTER XXIY, 

SELECTION OF TIMBER. 

No arbitrary rules or even opinions as to the selection 
of timber can possibly be laid dcyvn, and the timber user 
must be guided almost entirely by his own practical 
experience as to the requirements of each special case as 
it comes before him, always bearing in mind, however, 
that low first cost does not always mean cheapness. A 
few general remarks on the selection of timber may not 
however be out of place. 

A straight, close grain, and a tolerable freedom from 
knots, sap, shakes, and other minor defects, are extremely 
desirable for the best kind of joinery, cabinet work, &c. 
Wood of this character is worth, and generally commands, 
very high prices. 

“ Waney ” and the lower-class deals should as a rule 
be avoided. The best deals have a good colour through- 
out, which shows freedom from sap. For lath wood pur- 
poses Petersburg wood is generally preferred, and for 
first-class joinery work Quebec best voillow pine. 

Appearance of good Timber . — There are certain ap- 
pearances which are characteristic of strong and durable 
timber, to what class soever it belongs. In the same 
species of timber, that specimen in general will be the 
strongest and the most durable which has grown the 
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slowest, as shown by the narrowness of the annual rings. 
The cellular tissue as seen in the medullary rays (when 
visible) should be hard and compact. 

The vascular or fibrous tissue should adhere firmly 
together, and should show no woolliness at a freshly-cut 
surface, nor should it clog the teeth of the saw with loose 
fibres. If the wood is coloured, darkness of colour is in 
general a sign of strength and durability. The freslily- 
cut surface of the wood should be firm and shining, anti 
should have somewhat of a translucent appearance. A 
dull chalky appearance is a sign of bad timber. In wood 
of a given species, the heavier specimens are in general 
the stronger and the li^ore lasting. 

Amongst resinous woods, those which have least resin 
in their pores, and, amongst non-resinous woods, those 
which have least sap or gum in them, are in general 
the strongest and most lasting. Timber should be free 
from such blemishes as “ clefts ” or cracks radiating 
from the centre ; “ cup shakes,” or cracks which 

partially separate one annual layer from another; the 
“upsets,” where the fibres have been crippled by com- 
pression; “ring galls,” or wounds in a layer of the 
wood, which have been covered and concealed by the 
growth of subsequent layers over them ; and hollows or 
spongy places, in the centre or elsewhere, indicating the 
commencement of decay. 

In pine timber of the best kind the annual rings 
consist of a hard part, of a clear dark red colour, and a 
less hard part, «f a lighter colour, but still clear and 
compact. The thickness of the rings should not exceed 
one tenth of an inch. 

The best sort of larch has the harder parts of the rings 
of a dark red, and the softer parts of a honey-yellow, and 
its rings are somewhat thicker than those of red pine. 
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Oak timber of the best kind, when fresh, is of a pale 
brownish -^yellow colour, with a perceptible c shade of 
green, a firm and glossy surface, very small and regular 
annual rings, and hard and compact medullary rays. 
Thick rings, many large pores, a dull surface, and a 
reddish, or “ foxy ” hue (caused by a fungus called 
“drux ”), are signs of weak and perishable wood. 

Good teak resembles oak in colour and lustre, is veiy 
uniform and compact in texture, and has very narrow 
and regular annual rings. It contains a resinous, oily 
matter in its pores, in order to extract which the tree is 
sometimes tapped ; but this injures ^he strength and 
durability of the timber and should not be practised. 
The age of maturity is the best age for felling the tree 
to produce good timber. Trcdgold gives the following 
data : — 

Ape of maturity— years. 

Oak . . . . \ <:,Ul '- 00 - 

l average 100. 

Arfi, Elm, Larch , , . r>() to 100. 

Fir . . . , 70 to 100. 


Laslett says: — 

“In selecting timber, the surveyor’s attention will natu- 
rally be given to an examination of the butt or root end, 
which should be close, solid, or sound ; and if satisfied in 
this respect, the top should next be inspected, to see that 
it corresponds with the butt end. Afterwards he will 
glance over the exposed sides in search of defects, care- 
fulty examining the knots, if any, to sec that they are 
solid. He will, of course, avoid any piece that has either 
heart, cup, or star-shake, or sponginess near the pith at 
the butt, discoloured wood at the top, splits along the 
sides, rind-gall, worm-holes, or hollow or decayed knots. 
In dealing with spar-timber, he will select the straightest 
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pieces ; they should he free from all the defects before 
mentioned, *upsets — Le., fibres crippled by compression, 
large knots, and even those of moderate size if they are 
numerous or situate ring-like round the stick. Spar- 
timber should be straight- grained. 

“As planks, deals, &c., depend for their usefulness 
upon both quality and manufacture, the surveyor will not 
only see that they are free from excess of sap, knots, 
shakes, and shelliness upon their sides, but also that 
they arc evenly cut and fit for use up to their thickness. 

“Bright-looking timber is better in quality than dull, 
and that which is /smooth in the working better than the 
rough or woolly-surfaced. 

“ The heart of trees having the most sap-wood is 
generally stronger and bettfcr in quality than the heart of 
trees of the same species that have little sap-wood.” 

Testing the quality of timber by the aid of the micro- 
scope has recently been practised with considerable 
success, and we are of opinion the subject is well worthy 
of further investigation. 

A paper was read a short time since before the Franklin 
Institute, Philadelphia, on the use of the microscope in 
testing timber, and it was decided that if the microscope 
condemns the sample, further delay in testing is not 
worth the while. The larger the specimens requiring to 
be tested, the greater will be the gain the microscope will 
effect in avoiding the cost of further proof, or the risks 
of using without such proof. Samples and micro-photo- 
graphs w r ere exhibited of bridge timbers which had proved 
faulty, but which a preliminary examination with the 
microscope w r ould have promptly thrown out. The timber 
from which these poor specimens were taken was a fragment 
from a railway bridge wrecked in 1879. It was so exces- 
sively poor that, on mounting n specimen on the plate 



236 


SA W-MILLS. 


of the microscope, its weak and porous nature was at 
once apparent. The annual rings appeared about throe 
times as far apart as they would be in good wood of 
similar kind. The medullary rays were few in number 
and short in length, whilst in good wood, on the contrary, 
they are of considerable length and so numerous that 
tangential sections present the appearance of a series of 
tubes seen endwise, or a number of parallel chains. 
After once seeing and comparing samples of good and 
bad wood, it is easy to recognise the difference with a 
pocket magnifying glass. The trunks and limbs of 
exogenous trees, as is well known, are built up of con- 
centric rings or layers of woody fibre, which are held 
together by radial plates acting like treenails in a boat’s 
side. The rings, representing successive years’ growth, 
are composed of tubes, the interstices of which are 
filled with cellulose. The slower the growth of the tree, 
the thinner these yearly rings, and the denser and harder 
the wood — other things being equal. Not only is the 
closeness of the texture an indication of the hardness and 
strength of the timber, but the size, frequency, and 
distribution of the radial plates which bind the annular 
layers together may be taken as a very close illustration 
or sign of the character of the wood and its ability to 
resist strains, especially a breaking stress. The micro- 
photographs of good and bad timber show that in the 
strong kinds the concentric layers are close in texture 
and narrow in width, and the radial plates numerous, 
wide, long, and stout, while in poor stuff the opposite 
characteristics prevail. The practical application consists 
in having such enlarged photographic sections, longi- 
tudinal and transverse, of standard pieces of timber, 
bearing a certain known maximum or minimum strain, 
and rejecting any piece which the assisted eye detects to 
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have fewer rings per inch of tree diameter, fewer fibres, 
or fewer rat?ial plates per square inch of section, or to use 
such pieces with a greater factor of safely. The advan- 
tage of the method is that it allows every stick iu a bridge 
or other structure to be tested before use. 


Notes on Seasoning Timber. 

After timber is fallen, square it as soon as possible ; it 
will season quicker. If it is to be used for fencing posts 
and rails, &c., split at once and stack where there is a free 
circulation of air aiid the sun can get at it. Posts should 
be set in the ground the* reverse way to which it stood in 
the tree, as this will decrease the absorption and con- 
sequent decay. If the post is creasoted or charred about 
eighteen inches above the ground when driven up to 
home, it will also tend largely to prevent decay. 

Should it be necessary to stack timber in the open air, 
we then prefer to have it arranged at a considerable 
inclination similar to fig. 47. This will make a natural 
roof, and the water will readily drain away. The front 
end should be kept in a perpendicular line by setting over 
somewhat the deals in every tier. Timber yards should 
in all cases be well drained and faced with concrete, 
rubble, or some hard material ; damp situations should 
be avoided. Ample road space for selection and removal 
should be secured, if possible, between each pile of deals. 
This allows at the same time a free circulation of air. 
Piling against walls or in corners where the air is stagnant 
should be avoided. All logs and stacks of planks should 
be carefully marked to show the time they have been 
seasoned. 

As we have elsewhere remarked, it will pay well to erect 
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deni sheds to keep tho timber clean and dry. These should 
have as free 1 a circulation of air as possible, especially 
where much pine, red and white wood are in stock, as they 
should he seasoned rapidly. Should any of the wood be 
“shelly,” it should invariably be kept under cover, as 
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rain would penetrate the shelly parts, and this, being 
followed by sun or frost, would split and damage the 
hoards considerably. White wood should be seasoned 
quickly, but as it twists when subjected to much heat, it 
is unsuited for artificial drying, unless special means 
are taken to keep it straight. Flooring-hoards may 
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be seasoned by being “ perched” in an airy position. 
Care should be taken in all cases that skidding is laid to 
keep the ends of the boards off the ground. It is the 
practice in some yards to perch the boards in pairs with 
their face sides together; this keeps them clean and 
obviates, as a rule, the necessity of re-planing them when 
laid, which is an objectionable practice causing a re- 
shrinkage. We do not care for the plan of seasoning 
boards by stacking them in triangular form, as a con- 
siderable amoqnt of rain or snow is thus enabled to 
penetrate them, and has no means of escape. 

In stacking timber of crooked grain, means should be 
taken to keep the boards straight, or they will probably 
dry crooked; or if boarr/s should be of considerable length, 
and be allowed to “sng ; ’ in the middle, they will dry 
bent in that form. 

It is especially necessary that timber used for wheel- 
wright purposes should be thoroughly well seasoned, or 
it will be found that often, after very little use, the spokes 
will shake in their places and the wheel almost fall to 
pieces. This is particularly noticeable when oak is used. 
To obviate this, many good makers block out the wheels 
roughly, and let them season for a time before finishing. 
In any case it is highly important that the parts of the 
wheel be not put together before the wood has entirely 
ceased to shrink. This remark applies equally well to 
agricultural implements, furniture, &c., in which English 
timber is employed. 

Deals should never be piled damp or wet ; and if they 
remain in the same position more than twelve months, 
they should he turned and re-piled : this is best done in 
the early spring. Timber yards should never be blocked 
in by high walls or fences, but a free circulation of air 
should in all cases be secured. 
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In stacking timber, the following rules were in vogue 
at Woolwich Dockyard, and may be useful (Luslett) : — 

1. Let the skidding, ns a rule, be placed as nearly as possible level 
both ways, and in no case allow the upper side of it to be less than 12in. 
distant from the ground ; it will then necessarily follow that, whether 
the stacking ground be level or upon a hill-side, there will be ample 
space for ventilation under the timber to be piled thereon. 

2. Lot the butt ends of the logs be placed to the front, and keep the 
back or top ends of each tier slightly higher than the butts, tor facility 
in withdrawing them from the stack. 

3. Let the skidding over each tier of logs be level, and place short 
blocks under it, as packing pieces, 11 or 2in. in thickness, upon every 
log; the advantage of this is that, by removing the packing pieces, any 
log in the tier, between the two layers of skidding, may be withdrawn 
from the stack without disturbing the remainder. 

4. If the timber to be stored cannot be placedMn a permanent shed, 
it should, with a view to its preservation, Jiavc a temporary roof placed 
over it. The size of the stack should therefore be considered in setting 
it out, limiting the breadth or span to r.hout to soft. 

6. Let each tier as it rises be set back C to 8in., to enable the con- 
verter to get over it without a ladder ; he will find it convenient for 
examining and selecting his logs for conversion. 

It will be found advisable, on the score of economy, 
to have sheds in which boards are stored covered at the 
sides as well as overhead. In arranging the shed, care 
must he taken that it is dry, lofty, and well ventilated, 
and that there is a free passage of air without excessive 
draught through the timber. 

This may be done with the coarsest description of 
boards in store, and such as could not he used for joiners’ 
general purposes. The hoards forming the screen at 
the sides should he slipped into a groove at top and 
bottom ; and a rail or fillet midway up and outside can 
be secured to the inner framework of 'the shed by nails, 
driven between the edges of the boards. No other fasten- 
ing is required ; and the advantage of the plan is this 

it allows sufficient play for the boards to shrink or 
expand, according to the weather and the season, while 
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they are still removable at pleasure for any purpose. 
The end or working face of the stack should be similarly 
closed up; but in this case, the boards being more 
frequently shifted, they should be, for convenience, 
clamped together in twos and threes, and secured with 
a shifting bar half way up. The timber will thus be 
well protected from the weather, and well ventilated, 
though not subjected to a draught. 

The amount of water varies in different kinds of wood, 
and also varies according to the season. 

The following table shows the percentage of water 
in different kinds of wood dried as far as possible in 
the air : — 


Beech • • 

• 9 

• • 

18-6 

Poplar . . .• 


• • 

2fP0 

Su^rar and common maple 

• • 

270 

Ash . . • 

• 

• • 

28-0 

Birch . • 

■ • 

• • 

HO'0 

Oak, red . 

•J • 

• • 

3P7 

Oak, white * 

# • 

r • 

35*5 

Pine, white . , 

J • 

• » 

37*0 

Chestnut , 

• • 

• • 

38*2 

Pine, red . * 

» 1 

• • 

39*0 

Pine, white « 

,, 

• 1 

4^5 

Linden . > 

* • 


47*2 

Poplar, Italian . 

• * 

U V 

48-2 

Poplar, black , • 

• 

n % 

ill 8 
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CHAPTER XXV. 

DRYING TIMBER ARTIFICIALLY. 

A few notes on drying timber artificially may not be 
out of place. It is well known tl^at wind or air in motion 
evaporates the watery particles in any body with which 
it may come in contact, and* the warmer the air the 
quicker the evaporation. It has been calculated that one 
cubic foot of air at 32° will carry off about two grains of 
water per minute, but if a cubic foot of air be heated up 
to 160°, it will carry off ns much as sixty grains per 
minute. 

Timber is cbieflv dried artificially by means of steam 
pipes, which are arranged to pass through the various 
drying chambers : this plan, however, which is expensive, 
and not very exj)editious, is rapidly giving way in America 
to that of hot-air circulation. Several improvements 
in timber drying by the circulation of hot air have 
recently been introduced by Professor Carvalho, of New 
York. Fig. 48. His modus operandi may be described as 
follows : — A continuous volume of Heated air is forced 
over the timber by means of a fan blower, the temperature 
of which is gradually increased until the boiling point of 
water is reached ; then the water in the albumen or other 
substances is converted into steam, it being impossible at 
212' for any water to remain in the wood. This degree 
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of heat also coagulates the albumen, and the pores of the 
inner cells of the timber become filled up with the solid 
coagulum. All the larvae of insects and the insects them- 
selves are consequently rendered incapable of further 
injury to the fibre. Air-tight compartments or rooms 



for drying are fitted with exhaust or ventilating pipes ; 
the hot air. enters at the bottom of the room, and circu- 
lates round anil through the wood, and is pressed out 
through the circulating pipes, which are also fixed at the 
bottom of the room on the opposite side. This method 
of drying does not warp or discolour the wood, and is a 
preservative* against dry rot. 

Some valuable experiments on the action of steam on 
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various kinds of wood were made by M. Violette, a 
Frenchman, some years back. The woods treated were 
oak, ash, elm, walnut, and fir, specimens of which he 
submitted to the action of a current of steam at a tem- 
perature of 100° Centigrade, gradually raising it to the 
different points of 125°, 150°, 175°, 200°, 225°, 250°, 
without the addition of any water, so that the vapour 
was no longer saturated, but was rendered capable of 
extracting the moisture contained in the wood. Portions 
of the various woods were weighed and exposed to these 
temperatures for two hours in closed chambers, and 
again weighed when cool, in order to find the amount of 
loss of weight by desiccation. 

This loss was found to increase in a constant ratio 
according to the temperature ; ' but great variations were 
experienced with different woods. At the temperature 
of 175° elm and oak lost one-third of their weight, and 
at 250° one-lialf ; ash and walnut lost one-fifth at 175°, 
and two-fifths at 250° ; and fir, one-sixth and one-third 
at the same temperatures. Until the heat reached 175° 
they each preserved their primitive colours, but from that 
point to 200° a slight change took place. Above 200° 
the colour gradually deepened, and at 250° oak became 
black. This change of tint indicates the formation of 
tar in the wood, which seems to be necessary for its 
due preservation. 

The particular result of these trials to which we would 
direct the attention of the worker in wood is the great 
increase in strength which this treatment causes; this 
has been accurately determined at the different degrees 
of temperature, showing the remarkable fact that timber 
may be thus improved in tensile strength to an immense 
extent. Kim obtains its maximum point of strength at 
a temperature between 150° and 175°, whilst that for the 
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other woods varies from 125° to 150°. Ash receives an 
accession *of two-tliirds its original strength ; oak, five- 
ninths; walnut, nearly one-half; fir, two-fifths; and 
elm, more than one-third. The order of classification 
here given is according to that of the temperatures. It 
appears that the process condenses the fibres, and gives 
to the wood the properties of solidity and firmness, 
equalling an amount of outdoor seasoning of a number 
of years. 

A process for preserving timber, known as carbolizing, 
has latterly come somewhat extensively into use ; under 
this system thq antiseptic properties of carbolic and 
other tar acids are, by means of superheated steam, 
carried through the pores of the wood, and are so com- 
bined with its fibres as to preserve them. The process 
is continued as long as any fermentable sap or water is 
extracted. This plan of artificial preserving is a con- 
siderable preservation against dry rot, and wood that is 
fixed in damp situations is improved by being submitted 
to it. For timber that is for use in water, such as piles, 
or buried in the ground like railway sleepers, paving 
blocks, itc., a bath of creosote is to be recommended in 
addition to the carbolizing, and this is best given while 
the wood is hot and soft from the first process, as the 
creosote thus more readily permeates through the sap- 
wood, and seals up its pores. Care must, however, be 
taken, before this is done, that all the water and sap 
juices are extracted from the wood ; should this not be 
done, and they become sealed up by the creosote, 
fermentation and decay rapidly take place. 

Several other plans for drying sawn wood artificially 
are in vogue : in one the deals or boards are arranged 
on end in racks in a series of rows, with a free air space 
between them, or a false grated floor can be used for the 
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same purpose. I 11 large establishments it will be found 
advisable to build a lalse or double floor, with a space 
running down the centre of the shed below the main 
floor line, portioned ofl' for a rail or tramway. Care 
must be taken that when the shed or chamber is closed 
for the introduction of the artificially heated and dried 
air that it is air tight, or much of the drying effect will 



be lost. We illustrate herewith (fig. 49) a plan used in 
America for artificially drying wood. In this arrange- 
ment a continuous supply of water ( is introduced by 
gravity into a steam generator or boiler : dry steam is 
afterwards introduced into the closed chamber, which, 
after absorbing as much as possible of the moisture in 
the wood, is allowed to escape. 

Many modern processes of timber drying are based on 
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the patent of Davis and Symington (1843), who used a 
heated blast of air, which was driven through a closed 
chamber, in which the wood to be dried was placed. 
By their process mahogany is reduced in weight 24’4 per 
cent. ; pine 84*5 per cent. ; and fir 12*5 per cent. 

Whatever process of artificial drying is employed, 
care should be taken that the ends of the boards are 
properly clamped or weighted, as with high temperatures 
the ends of the boards are apt to warp or split. 

In drying artificially it is important that the process is 
properly timed, and that the wood desiccated is suitable, 
as some kinds of wood will lose very considerably both in 
colour and strength. 

Desiccation by mejfns of a gradually increasing tem- 
perature is sometimes employed. In this process the 
wood is subjected to a gradually increasing temperature 
in an air-tight chamber, until all, or nearly all, the 
moisture has been extracted from it: the heat and 
watery vapour about the wood are retained until a tem- 
perature of about 170° Fahr. has been attained; the 
heated air is then made to escape slowly, and a very 
gradual reduction in temperature is allowed to take 
place. Whatever process is employed, care should be 
taken that the wood is not dried insufficiently or to excess. 
In the case of drying with hot air, the temperature should 
not be too high at first, or the face of the wood may 
become slightly baked or dried, so that the internal 
moisture cannot escape. If wood is dried to excess, it is 
not improved, and if it should be fixed in a damp situa- 
tion it will re-absorb a considerable amount of moisture. 
Wood should only be very highly dried when it is in- 
tended to be fixed in a situation where the temperature 
is tolerably high. 
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CHAPTER XXVI. 

DECAY OF WOOD AND ITS PREVENTION. 

Some woods decay much more rapidly than others; 
but they will all, in some situations, lose their fibrous 
texture, and with it their properties. To ascertain the 
causes which act upon woods, and effect their destruction, 
is an important object both to the builder and to the 
public. 

All vegetable, as well as animal substances, when 
deprived of life, are subject to decay. If the trunk or 
branch of a tree be cut horizontally, it will be seen that it 
consists of a series of concentric layers, differing from 
each other in colour and tenacity. In distinct species of 
trees these layers present very different appearances, but 
in all cases the outer rings are more porous and softer 
than the interior. Wood is essentially made up of 
vessels and cells, and the only solid parts are the coats 
which form them. These vessels contain the sap which 
circulates through the tree, gives life and energy to its 
existence, and is the cause of the formation of leaves, 
flowers, and fruit ; but when the tree is dead, and the 
sap is still in the wood, it becomes the cause of vegetable 
decomposition by the process of fermentation. There 
are five distinct species of vegetable fermentation — the 
saccharine, the colouring, the vinous, the acetous, and the 
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putrefactive. We are indebted to Mr. Kyan for the 
discovery that albumen is the cause of putrefactive fer- 
mentation, and the subsequent decomposition of vegetable 
matter. 

Something may be done towards the prevention of 
decay by felling the timber at a proper season. A tree 
may be felled too soon or too late, in relation to its age 
and to the period of the year. A tree may be so young 
that no part of it shall have the proper degree of hardness, 
and even its heartwood may be no better than sapwood ; 
or a tree may be felled when it is so old that the wood, if 
not decayed, m^y have become brittle, losing all the 
elasticity of maturity. The time required to bring the 
several kinds of trees to maturity varies according to the 
nature of the tree and the situation in which it may be 
growing. Authors differ a century as to the age at which 
oak should be felled — some say 100 and others 200 years ; 
it must therefore be regulated according to circumstances. 
P>ut it is also necessary that the timber trees should be 
felled at a proper season of the year; that is to say, when 
their vessels are least loaded with those juices which are 
ready for the production of sapwood and foliage. The 
timber of a tree felled in spring or in autumn would be 
especially liable to decay, for it would contain the element 
of decomposition. Midwinter is the proper time for 
cutting away, between the months of November and March, 
as the vegetative powers are then expended. There are 
some trees the bark of which is valuable, as well as the 
timber; and as the best time for felling it is not the best 
time for stripping the bark, it is customary to perform 
these labours at different periods. The oak bark, for 
instance, is generally taken off in early spring, and the 
timber is felled as soon as the foliage is dead; and 
this method' is found to be highly advantageous to 
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the durability of the timber. The sapwood is hardened, 
and all the available vegetable juices are expended in the 
production of foliage. Could this plan be adopted with 
other trees, it would be desirable ; but the barks are not 
sufficiently valuable to pay the expense of stripping. 

For the prevention of the ravages of worms and insects 
in timber, Evelyn recommends sulphur which has been 
immersed in nitric acid and distilled to dryness, which, 
being exposed to the air, dissolves into an oil. A solution 
of lime or an infusion of quassia wood are also recom- 
mended for the same purpose. 

To cure dry rot in timber, subject it to a heat of 
800°, thus destroying all reproduction of fungus. A 
solution of corrosive sublimate ‘{bichloride of mercury) 
makes an effectual wash. Chapman says an ounce o f 
corrosive sublimate to a gallon of water laid on hot; no 
other metallic solution should be mixed with it A 
solution of sulphate of copper (commonly called blue 
vitriol) in the proportion of about half a pound of 
sulphate of copper to one gallon of water, used hot, 
makes an excellent wash, and is cheaper than the pre- 
ceding one. A strong solution of sulphate of iron is 
sometimes used, but is not so effectual as that of copper, 
and sometimes a mixture of the two solutions has been 
used. Coal tar is said to have been found beneficial, but 
its strong smell is a great objection to its use ; where 
the smell is not of importance it would assist in seasoning 
new timber which had been previously well dried. 
Charring new wood can only be expected to prevent 
infection, as decay may begin at the tsentre, and proceed 
without ever appearing at the surface of the beam ; and 
therefore, if timber be not well seasoned, no permanent 
good can be obtained from chai ring. 

A plan recently introduced into Belgium for preserving 
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wood from the decay produced by the atmosphere, water, 
&c., is to fill the pores of the wood with liquid gutta- 
percha, which is said to effectually preserve it from 
moisture and the action of the sun. The process em- 
ployed consists in exhausting the air from the pores of 
the wood and filling them with a gutta-percha solution, 
or by forcing the solution into the pores. The solid 
gutta-percha is liquefied by mixing therewith paraffin in 
the proportion of about two-thirds of gutta-percha to one 
of paraffin; the mixture is then subjected to the action 
of heat, and the gutta-percha becomes sufficiently liquid 
to be easily introduced into the pores of the wood. The 
gutta-percha liquelfied by this process hardens in the 
pores of the wood as sotm as it becomes cold. Railway 
sleepers, telegraph poles, roofs, &c., treated in this way 
are said to stand well. 

The improved method adopted in France for the 
preservation of wood by the application of lime is also 
reported to give excellent results. The plan pursued 
is to pile the planks in a tank, and to put over all a 
laj'er of quicklime, which is gradually slaked with water. 
Timber for mining purposes requires about a week to be 
thoroughly impregnated, and other wood more or less 
time, according to its thickness. The material acquires 
remarkable consistence and hardness, and, it is stated, 
on being subjected to this simple process, that it will 
never rot. Beccliwood prepared in this way for hammers 
and other tools for ironwork is found to acquire the 
hardness of oak, without parting with any of its well- 
known elasticity or toughness, and it also lasts longer. 

Wood may also be preserved from rotting by im- 
pregnation with paraffin. As this, however, renders it 
more inflammable, it should be used with care, and as 
protection chiefly against water or acid and chemical 
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fumes or liquids. It may be further protected by an 
external varnish or silicic acid. Wooden vessels which 
become totally rotten in two months under the action of 
acid and alkaline lyes will last for two years wdien 
impregnated with paraffin. The wood is prepared by 
drying it in warm air for about three weeks, and then by 
steeping it in a bath of melted paraffin, to which has 
been added some petroleum, ether, or sulphuret of 
carbon. Care must be taken at this part of the process, 
as the bath is exceedingly inflammable. 

It is generally believed that the ancient Egyptians 
were acquainted with some method of preserving wood, as 
wooden coffins, believed to be at least 2000 years old, 
have been discovered in a good state of preservation. 
These were made of solid * blocks of sycamore wood, 
scooped out to receive the corpse ; and as sycamore is a 
wood that does not endure for any great length of time 
without some preservative treatment, it is but natural to 
conclude that it was so subjected, especially as the wood 
had the appearance of being impregnated with some 
bituminous substance. It is also asserted that the 
ancient Temples of Egypt contain the oldest timber in 
the world, in the shape of dowel pins, which are incor- 
porated with stonework, known to be not less than 4000 
years old. These dowel pins are supposed to be made 
from the tamarisk, or shittim wood, in ancient times a 
sacred tree in Egypt. 

Timber that is used for piles in the making of break- 
waters, piers, and other marine works, &c., being con- 
stantly immersed in sea- water, has enemies to contend 
against, which are far more formidable to its existence 
than are the natural processes of decay. The chief of 
these enemies are two small worms, one of which is 
termed the “ Limnoria Terebrans/’ and the other the 
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14 Teredo.” The ravages which these minute creatures 
make upon timber exposed to their attacks are almost 
incredible. 

A large number of modern processes for timber pre- 
servation have from time to time been introduced. The 
direction that most of these have taken has been the 
impregnation of the wood with the metallic salts, which 
by combination with the sap, form insoluble compounds 
within the pores of the timber. 

Perhaps the best known of these processes are Sir 
Wm. Burnett’s, who impregnates sulphur of zinc ; 
Dr. Boucherie’s, who uses sulphate of copper; loam’s 
process by mercuric chloride ; Bethell’s process, or 
creosoting, which latter has superseded most of the 
others, chiefly on account ‘of its low cost. Sigismund 
Beer, a German chemist, discovered a plan, that by the 
use of borax as a solvent the coagulation of sap was 
prevented, and that it could be effectually removed by 
boiling, wdtliout injury to the wood. A Dr. Jones also 
invented a process for the preservation of timber from 
decay or fire : this consisted in pickling it in a solution of 
tungstate of soda and water, of the specific gravity of 1*2. 

AVe may with advantage briefly explain Bethell’s 
method of creosoting. Creosote is an oil distilled from 
tar. In all gasworks large quantities of tar are pro- 
duced ; and this tar is bought by the distillers, who 
subject it to the following process : — The tar is first put 
into large stills, made of strong iron sheeting ; and then, 
under the application of heat, the process of distillation 
proceeds. The first oil drawn off by this process is 
termed “ light naptha.” The heat being then increased, 
heavy naptha is distilled. A still further increase of 
heat produces creosote oil, which is a thick liquid of a 
dark brown colour, and highly inflammable. 
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That part of the tar which is not vaporisable, and 
which consequently remains in the still, 'in a liquid, 
boiling state, is what is commonly known under the name 
of pitch ; and this is drawn off into large tanks, made in 
the ground in front of the stills, where it solidifies and 
assumes the brittle appearance by which it is known. 

The preservative properties of creosote are owing to i 
its preventing the absorption of the atmosphere in any 
form, or under any change of temperature ; it is noxious 
to animal or vegetable life ; and it arrests all fermentation 
of the sap, which is one of the primary causes of dry rot 
and other species of dccaj' in timber. 

The action of creosote may thus be described : — When 
injected into a piece of wood ; the creosote coagulates the 
albumen, thus preventing the putrefactive decomposition, 
and the bituminous oils enter the whole of the capillary 
tubes, encasing the woody fibre, as with a shield, and 
closing up the whole of the pores, so as to entirely 
exclude both moisture, water, or air. By using creosote, 
inferior porous timber and that cut at the wrong season, 
and therefore sappy, may be rendered durable. 

The Bethell system of creosoting is as follows : * 
— The timber is first thoroughly seasoned and cut to 
the required dimensions : it is then placed in a wrouglit- 
iron cylinder, fitted with doors that can be hermeti- 
cally closed by means of wrought-iron cramps. The 
air and moisture contained in the wood are then ex- 
hausted from it and from the cylinder by means of a 
powerful air pump. The pores of the wood being now 
empty, the preservative material, creosote oil, is admitted 
into the tank. When the wood has received all that it 
will after this manner, more oil is forced into it by 
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means of hydrostatic pumps, exerting a pressure of 
120 lbs. to* 200 lbs. per square inch. This pressure is 
maintained until it appears that the proper quantity of 
creosote oil has been absorbed by the wood: this is 
determined by a gauge. Timber intended for railway 
sleepers, bridges, &c., should absorb 7 lbs. of oil per 
cubic foot ; and timber required to be protected against 
marine insects, &c., requires at least 10 lbs. of oil per 
cubic foot. 

The price for creosoting ranges from fourpence to 
fivcpence per cubic foot, according to the quantity of oil 
required. » 

In addition to sleepers and piles, creosote is applied 
to telegraph poles, fencing, and numerous other arti- 
cles, including wood-paving blocks, now so extensively 
employed in making roads. 

Blythes’ system of wood preservation is also now 
largely practised, especially on the Continent. The 
theory claimed for this process is that carbolic acid, 
which is known to possess great antiseptic properties, 
can be forced into the innermost pores of the wood by 
the action of what is called “dry steam,” thereby, from 
the great pressure, impregnating the timber more effica- 
ciously than can be done with creosote oil and the 
mechanical action of pumps. The result is that all 
moisture and sap is, thrown off, and a contraction of the 
fibre ensues, by which the wood is hardened and pre- 
served from decay. Sap is the great objection to red 
wood, and the inventor claims that this is entirely got 
rid of, and that the process effects an essential chemical 
change in the component parts of the timber ; and that 
do matter how green the wood may be at the time, 
when subjected in closed chambers, such as are used in 
this process^ to the action of carburetted steam, every 
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fibre closes, and the hardening of the wood is the 
consequence. 

In all cases where wood is to be exposed to constant 
moisture, the carbolizing process is supplemented by the 
addition of tar oil, in such proportions as ma y be required, 
not necessarily to make the wood more imperishable, 
but to make assurance doubly sure. 

Sir Wm. Burnett’s process has for its object the 
coagulation of the albumen of the wood. For this 
purpose he uses a solution of chloride of zinc in the 
proportion of about 1 lb. to 4 gallons of water. The 
timber requires to be immersed in this for about two 
days for each inch in thickness, and afterwards taken out 
and dried. To expedite the process the solution may be 
forced into the pores of the Wood by hydraulic pressuie. 
This treatment is found to harden the wood considerably, 
and it is claimed for it that it is a preservation against 
dry rot, mildew, and white ants. 

Salts of lead have also been tried for preserving wood, 
either by themselves or mixed with other antiseptic 
matters, such as creosote, phenic acid, &c. The salts of 
lead which are considered as best adapted for use in the 
preservation of wood are the plumbatcs of potassia, soda, 
and lime, double hyposulphite of lead and of soda, the 
ammonio-plumbic salts, the basic acetates and pyrolignites 
of lead and their analogues. In order to fix the soluble 
composition of lead in the wood, gaseous re-agents, such 
as ammoniacal and sulphurous vapours, are usually 
employed. 

Amongst the other remedies for dry rot, &c., may be 
mentioned corrosive sublimate ; a mixture of sulphate of 
copper and sulphuric acid in the proportion of lib. of 
each to 6 gallons of water, sulphate of iron, salts of lead, 
oil of tar and carbolic acid. 
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CHAPTER XXVII. 

TIMBER CONVERSION. 

It is impossible to lay down any rules as to wood 
conversion so as to utilize the wood to the best advantage. 
Each log must be judged separately, as what may be 
economy in one case may be great waste in another. Many 
timber converters have plans and theories of their own, 
which they may have evolved 
from their own special expe- 
riences ; these as a rule they 
studiously keep to themselves : 
but even were they published 
their value would be proble- 
matical, as what would suit 
the market or special require- 
ments of one district may be 
unsuited to another. Large 
timber, if sound, is usually 
cut into planks as fig. 50. 

When a number of planks are wanted the same 
width, the best plan is to square up the log by re- 
moving one or two boards on each side, and then reduce 
the balk to the number of planks required as illustrated 
by fig. 51. 

In converting large wainscot oak in order to obtain the 
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greatest display of medullary rays, Hasseufratz recom- 
mends sawing it similar to fig. 52. 




We give sketches (figs. 53 and 54), showing two Con- 
tinental methods of working logs. Fig. 53 represents 



the manner of working a log most convenient in those 
cases where flitches are required, as well as thin boards. 
Fig. 54 is the most advantageous where boards of different 




TIMBER CONVERSION. 


259 


thicknesses are required. It is, however, as we have 
before sakl, impossible to lay down any fixed rule to be 
followed; the workman must in each case adopt the mode 
which suits best the size, shape, and condition of the 
piece of timber he is operating upon, as, for instance, it 
would be extremely foolisli to cut up a log affected with 
“heart/’ “ cup ” or “star” shake, or “foxiness,” into 



thin boards, necessitating in many cases a large amount 
of waste, when it would probably be sufficiently strong 
and sound to cut up into serviceable scantlings. Again, 
if care is taken in fl itching, the defective portions of a 
heart may be cut. out, leaving only sound timber. 

Groa* care sh'\ild always be taken in converting logs 
to arrive at the exact cost of the scantling cut from them 
before quoting a price. With English timber the cost of 
felling, haulage, labour, waste, percentage for rent and 
taxes and use of machinery, should be carefully esti- 
mated ; and in the case of imported timber, the freight, 




sfo 


SA W- MILLS. 


rail carriage (if any), insurance, dock dues, &c., must be 
borne in mind. f 

In giving a quotation for certain sizes and lengths of 
scantling, carefully note how your logs will work up into 
these sizes and lengths, or whether you have to cut to 
waste, or leave unsaleable lengths or sizes on hand. 
These are vital points in saw-mill economy that are 
however, sometimes neglected, or not done carefully 
enough. There is also the risk of unsound logs which 
must not be lost sight of. As a rule, the value of 
scantling increases in proportion to the size of the log. 

It will be found advantageous with some timbers — for 
instance, asli — to reduce it to planks soon after it is 
felled, as if left long in the log^it will open deep shakes, 
considerable loss in conversion thus arising. 

In France the method of hewing timber general^ in 
vogue is to follow the taper or natural growth of the tree; 
in comparing this plan with the English practice of 
squaring or siding, it has been urged that the loss in 
conversion would be greater with the French than the 
English timber : this has, however, proved not to be the 
case, as the loss is some 5 per cent less with the French 
than the English. Another plan of dressing often pur- 
sued in Cuba and Central America is to dress the timber 
up quite square, but with two or three stops or drops in 
the diameter of the log in order to secure as much timber 
as possible in the stem of the tree. 

The question of manufacturing deals and battens, 
with or without the natural hearts oft the tree in them, 
has long been a moot point between producers and con- 
sumers; but although there would be more waste, and 
the hearts may be suitably used for some purposes, we 
certainly think the fairest course — at any rate to the 
consumer — is that the saw should be run down the 
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centre of each log ; a buyer is then able to see what he 
purchases. A deal thus made without heart will be 
less liable to artificial shakes when drying, and should 
command a better price than deals made with hearts in 
them, in which shakes cannot be avoided. As an 
argument against retaining the hearts in deals and 
battens, it is well known that wheelwrights when season- 
ing in the log, often bore out the heart of the wood : this 
allows a more even and rapid seasoning, with a greater 
freedom from external shakes. One of the reasons, 
probably, that many producers still retain the plan of 
making deals and battens with heart centre is, tliej r will 
if thus cut make a yttle larger specification. Another 
plan for getting rid of the heartwood, and one to be 
recommended with logs above 11 in. diameter, is to cut 
a plank out of the centre of the log, and rip it into 
narrow stuff suitable for door and sash making, &c. 
There would, undoubtedly, be a loss in this; but it 
should be counterbalanced by the remainder of the log 
producing sounder and better deal*. 
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CHAPTER XXVIII. 

AN ESTATE WORKSHOP. 

We will first consider the selection of a suitable site ; 
this is a matter of great importance in securing economy 
of working. In building a workshop advantage should 
be taken as far as possible of a site ' seeming good land or 
water carriage, so that timber ' may be readily brought 
to and taken away from it. If it is desired to convert 
heavy timber, the building should be arranged with large 
sliding doors at either end, so that the timber may be 
passed in at one end in the rough, and, after being 
worked through the various machines, passed out at the 
other as manufactured goods. A tramway should run 
down the centre of the building, and if the timber is very 
heavy, an overhead traveller will be necessary.* We 
intend, however, describing a small general workshop, as 
more suitable to ordinary requirements. 

Our illustration (Fig. 55) represents a plan of a general 
estate workshop. The building or shed is of one story, 
with platform above for timber, &c. ; it is 67 ft. long by 
35 ft. broad ; it can be built of masonry or wood, as may 
be most convenient or desirable. Its general arrange- 
ment will be understood from the reference numbers 
which are explained as follows : — 

1. Office. 2. Stores. 8. Hand-power mortising, and 


• See Chapter I. 
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boring machine. 4. Carpenters’ benches. 5. Rack for 
deals. G. Blacksmith’s shop. 7. Forge. 8. Fan blower. 
9. Lathe for turning wood or iron. 10. Main shafting 
for driving machines (underground). 11. Pump for 
supplying water for estate or settlement. 12. Counter- 
shaft for “ General Joiner ” machine (underground). 
13. Portable steam engine or petrol motor. 14. “ General 
Joiner ” or combination machine, for sawing, planing, 



moulding, tenoning, slot mortising, boring, rebating 
tonguing, grooving, mitring, cross-cutting, &c. 15. Slot 

mortising and boring table for ditto. 1G. Fuel for engine. 

As regards motive-power for the workshop, if a suit- 
able fall and constant supply of water is obtainable, we 
recommend a water-wheel or turbine as the most eco- 
nomical power to employ. As in many parts of the 
country, however, a large water supply is unattainable, a 
steam-engine must be employed. The type of engine we 
recommend is the portable, as in cases of emergency it 
can be taken from the workshop, and used for pumping, 
sawing, &c., . or in the harvest-time for driving a thrash- 
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ing-machine. As regards the size of engine, a 10-h.p. 
petrol motor or an 8-h.p. steam engine should be used. 
The steam portable engine should be constructed with an 
extra large fire-box for burning wood, &c., in addition to 
coal or other fuel. In fixing the engine in position, the fly- 
wheel should be placed exactly in a line with the pulley on 
the main shaft that it has to drive. This can be done by 
passing a string along the outside edge of the fly-wheel and 
the pulley, and moving the engine or pulley till the string 
bears evenly on all the edges of the wheel. The engine must 
be fixed so that it does not reck when woi king, and the 
smoke-box end should be raised slightfy higher than the 
fire-box end. The wheels can be let slightly into the 
ground with advantage. The shafting for driving the 
machines should be 3 in. in diameter, and fixed at a dis- 
tance of not less than 20 ft. from the centre of the fly- 
wheel shaft to the centre of the shafting driven. 

The shafting, for convenience sake, should be fixed 
underground, and run transversely to the building : the 
standards and plunnncr blocks — the former are to be 
preferred — supporting the shafting can be fixed on brick 
piers or on thick slabs of w ood. The shafting should be 
supported by bearings about every 8 ft., fixed at a dead 
level, and speeded to make about 250 revolutions per 
minute. 

The machinery selected should be of simple construc- 
tion, easily worked, and readity changed from one class 
of work to another. A “ General Joiner ” is a combination 
machine which will perform nearly all the operations 
required in a joiner’s shop, including all kinds of sawing, both 
plain and feather edged, and an adjustable guide or 
fence is fitted by which any desired bevel can be obtained. 
Fencing, firewood, &c., can also be cross-cut to any 
desired length. By the use of a revolving cutter disc in 
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place of the circular saw, floor boards, &c., may be 
planed any thickness, and the wood prepared for doors 
and similar work. Plain mouldings may also be struck 
and skirtings dressed, for which purpose a moulding 
block is employed in lieu of the planing disc. For 
cutting tenons two circular saws are employed, and the 
wood to be tenoned is cramped vertically, and passed 
between them. The various operations of rebating, 
tonguing, grooving, mitring, &c., can also be performed 
with facility. For the mortising and boring of gates, 
fencing, &c., a mortising table (No. 15 on plan) and 
routing tool, fitted into the end of the saw spindle, are 
used. The depths and lengths of the mortises are 
regulated by stop pieces fitted to the table. The machine 
can be instantly changed 'from one operation to another, 
and with a little practice a labourer will be enabled to 
turn out a large amount of satisfactory work. 

No. 3 on the plan represents a hand-power mortising 
and boring machine, adapted for mortising in hard or 
softwoods, or boring in wood or iron. With this machine 
all the lighter kinds of mortises — such as those used in 
door and other joinery work — can be cut with a truth 
and rapidity entirely unattainable by hand. 

No. 9 is a 10 in. centre lathe, adapted for turning 
either wood or iron. In the latter case a slide rest 
replaces the ordinary plain hand rest usually used for 
turning wood. AVe need hardly add this machine is one 
of the most useful it is possible to employ, both for 
producing new work, and for repairing old. 

The various machines should be set to a dead level, 
and exactly at right angles to the shafting from which 
they receive their motion. The fan-blower should have 
an impeller of 13 in. diameter, and make 2,300 revolu- 
tions per minute. This size fan will produce a blast 
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sufficient for three fires. In fan-blowers of the best 
construction the outer casing is cast in two pieces, and 
divided horizontally just above the discharge pipe. By 
this plan the upper half of the casing can be lifted off, 
and the fan thoroughly cleansed as required. The 
horizontal joint should in all cases be faced, so as to 
avoid the objectionable plan of packing with red lead. 
All the working parts should be very accurately balanced, 
or, owing to the high speed at which they run, the bear- 
ings will very rapidly deteriorate. The bearings should 
be in length at least four diameters of the spindle. The 
spindles should be of steel, and efficient means of lubrica- 
tion should be secured. The driving band should be of 
even thickness, and as pliable as pbssible. 

We think it necessary to make these few remarks on 
fan-blowers, as many of low price and inferior construc- 
tion are sold, and when used cause much trouble and 
loss of time, at the same time producing an inferior 
blast. 

The tue iron of the blacksmith’s forge should be about 
l£ in. diameter. If much outdoor repairing work is 
necessary, an additional iron portable forge on wheels 
Bhould be added to the plant. 

The men employed should never be allowed to use 
the machinery haphazard, but one man should be placed 
over it, who should be made answerable for the con- 
dition of the saws, cutters, and other tools used : should 
this not be done they will generally be found out of 
order when wanted, as that which is every one’s business 
is no one’s. 

In preparing wood for striking mouldings it should be 
cut feather-edged or to a bevel by the circular saw, and 
not left square, which is often done, and is extremely 
wasteful. Duplicate sets of tools should be kept, in case 
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of accident All open oil ways should be protected from 
dust, and tjie bearings carefully lubricated and attended 
to. 

With the plant we have sketched, a very considerable 
quantity and range of work can be turned out ; all the 
joinery required in building a house can be produced, 
of better quality, and at an immense saving over hand 
labour. 
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CHAPTER XXIX. 

WOOD FOR MOULDINGS. 

As regards the suitability of various woods for mating 
mouldings there is a considerable difference of opinion, 
and we append some useful remarks thereon taken from 
the London “Timber Trades Journal,' ” who say: — 

“That it has not as yet been clearly laid down which of 
the woods ordinarily employed for the making of mould- 
ings is the best for the purpose is perhaps to be accounted 
for partly because judgment has to be given more from 
the guidance of opinion than from the evidence of facts, 
partly on account of the knowledge of the advantages and 
disadvantages associated with the making of moulds from 
special woods being confined more or less exclusively to 
those whose practice it is to employ one particular kind 
of wood for the purpose, and also, no doubt, because the 
judgments of those who deal in mouldings are materially 
blinded by self-interest. 

“It is a circumstance which conduces in no small 
degree to the profits of those engaged in the foreign 
timber trade that the public opiniomas to the suitability 
of various woods for different purposes is of a very varying 
nature. From the conflict of opinion which exists, 
merchants and all others interested in the selling of wood 
largely benefit. 

“ So much has of necessity to be left to 6pinion, and 
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bo little is to be decided by fact, that there is little 
likelihood of this or any other paper altering the various 
customs which prevail in different parts of the country 
and abroad, as to the use of special kinds of wood, to any 
appreciable extent. 

“Nevertheless, the readiness with which certain manu- 
facturers of mouldings caused their opinions to be ex- 
pressed in tj r pe, is proof sufficient that the subject is of 
importance and interest to them at least. 

“Without attempting, therefore, to dogmatize on a 
matter which we have ourselves agreed to be one of 
opinion rather thoji of ascertainable fact, we will proceed 
to a discussion, firstly, as to the merits of yellow pine for 
mould-making. 

“ Of the three woods, yellow, red, and white wood, 
yellow pine takes precedence here, if on no other account 
than of its high cost alone. 

“ When yellow pine is brought into requisition for 
mould-making, it is the best quality which can alone be 
used. Experience has been the means of teaching all 
manufacturers of mouldings that true economy is alone 
to be consulted by employing wood free from defects. 

“ For the making of planting and other small moulds, 
wood absolutely free from defect is an imperative necessity; 
even if the timber could be selected from the commoner 
qualities, which were free from knots and shakes, a 
possibility not likely to occur, the almost certainty would 
remain that it would be debarred from use by reason of 
the coarseness of its texture, inasmuch as mouldings 
made of it would break. There is no occasion to remark 
that yellow pine of the best quality is an exceedingly 
expensive wood. The expense of using it is not to be 
fully measured up by the first cost. It must be weighted 
with two additional charges ; the first of these falls 
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upon the shoulders of the manufacturer, the second 
is borne by the consumer. When using, yellow pine 
for mould-making, the manufacturer has to contend 
with the extreme difficulty of obtaining foreign sawn 
yellow pine boards in anything like sufficient quantity, 
that is, a sufficient quantity of a good enough quality, and 
so he is thrown back upon the necessity of using deals or 
battens. 

“ The necessity is an expensive one, for by reason of it 
he is shut out from the advantages which are afforded 
him by boards, both in the gain of wood acquired through 
their extreme thickness and in the saving of loss they 
effect by the comparative absence of heartwood. 

“ The other of the two charges with which we have 
pointed out yellow pine is weighted, and which falls upon 
the consumer, is the short specification of lengths which 
has to be contended with. Upon this head Messrs. 
Laverack & Goddard, of Hull, wrote (see page 3, vol. ix., 
1 Timber Trades Journal’) to the following effect: — ‘For 
planting mouldings 12 ft. to 16 ft. lengths are suitable, but 
for architraves, back moulds, angle beads, or any class of 
mouldings used in long lengths, pine deals are generally 
too short. An ordinary cottage door requires 16£ ft. of 
single or architrave moulding, and for better class doors 
17 or 18 ft. lengths, or longer, are needed. For doors 
7 X 3 ft. it would require for each door two pieces of 
architrave about 7% ft. for the sides, and one piece about 
4 ft. for the head. In such a case it is quite evident that 
pine mouldings of 12 or 14 ft. would cut very much to 
waste. The railway company allow only one waggon for 
orders of less than two tons ; therefore we cannot send 
mouldings above 16 ft. lengths in these cases, and constant 
complaints of the lengths being too short are the result/ 

“ The remarks quoted above are weighty evidence of 
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the necessity of having the larger mouldings struck in 
good long. lengths, coming, as the notes do, from such 
excellent authority. 

“ The main advantage, perhaps the only one, which is 
attached to yellow pine as a mould-making wood, is that 
it is capable of receiving a far higher finish than is any 
sort of red wood or white wood. This favourable 
quality, which unquestionably it possesses, is one which 
is of considerable value, because the moulding part of 
joinery work standing out as it does from the plainer 
part of the work with the distinctiveness of a decoration, 
it is the more, imperative that it should be highly 
finished. 

“ Thus, because the highest state of finish can alone 
be given to yellow pine, it is the only wood which can be 
employed for a highly decorative moulding, unless indeed 
some of the harder woods be used. 

“ Some of the moulding manufacturers, who are in the 
habit of using only red wood, may take exception to this 
decision, but after a lengthened experience of mouldings 
made of the three woods, the merits of which we are 
discussing, we feel perfectly clear about the assertion we 
have made. 

“ JRed wood, on account of its greater abundance and 
comparative cheapness over yellow pine, must be said to 
rank before it as a mould-making wood. We reserve the 
case of a highly decorative, or unusually required highly- 
finished mould as an exception. 

“ Gefle, Archangel, St. Petersburg, and Bjomeborg red 
wood stocks, as is well known, supply the greater pro- 
portion of moulding boards, and of these stocks we hold 
a decided preference for Gefle. Mixed Gefle red wood 
boards, of such well-known and highly esteemed brands 
as the SKB', for instance, are hardly to be excelled by 
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any wood for mould-making. In addition to their well- 
recognised freedom from knots and shakes, the wood 
possesses a certain mellowness of nature and richness of 
colour which is perhaps not attached to any other class 
of wood. There are, of course, excellent qualities asso- 
ciated with Archangel red wood, and w r e have of late had 
expressed to us by manufacturers exceedingly favourable 
opinions of certain Bjorneborg stock ; but our own 
observation has led us to attach our favour to Gefle 
wood. St. Petersburg red wood boards are not at all 
times to be relied upon for quality, although bracketed as 
lsts. 

“ The abundance of red wood boards and their su- 
periority over deals and battens for mould -making cause 
them nearly always to be used, and their long specifi- 
cations avoid the inconvenience and loss which it has 
been pointed out are attached to the use of pinewood 
mouldings. 

“ Ited wood mouldings should always be employed in 
exterior work, such, for instance, as the outside of front 
doors, on account of their weather-resisting qualities. 
These, and the saving effected by reason of their longer 
lengths, are the qualities in which red wood moulding 
excels yellow pine moulding, and for the rest it is a 
matter of relative price, with which question, as between 
the two, this paper has not any concern. 

“ But although we may be able to disregard any slight 
difference of cost there may lie betwixt redwood and pine 
mouldings, we cannot overlook the fact that in the great 
bulk of cottage building which is continually going on 
there is required an enormous quantity of mouldings, the 
quality of which is hardly so important a consideration as 
their price. 

41 Common, knotty, shaken, or cross-grained red wood 
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is not at all suitable for mould -making, and to meet the 
requirements of those who want cheap mouldings, some 
makers have produced a very tolerable article out of crown 
Riga white wood and mixed Swedish white wood boards. 
These boards come in long lengths, and they are therefore 
economical to use in that respect, and some that we have 
recently inspected bear an excellently finished surface. 
We have been informed on good authority that, provided 
the wood has undergone a proper seasoning treatment, 
the moulds, when placed in an inside position, stand 
exceedingly well. 

“ There can beno doubt that one of the requirements 
of the times is well-finished white wood mouldings, struck 
out of well-seasoned wood, in good long lengths, and 
capable of being sold at a cheap rate. To the production 
of such an article our moulding-mills will sooner or later 
have to devote some measure of their attention. 

“ It is not at all necessary that the production of such 
mouldings should be regarded with disfavour, as tending 
in the direction of slipshod work. Certain builders 
require a sound but cheap article, and it is better that 
cheap mouldings should be struck out 01 the best white 
wood rather than out of common red wood or common 
pine. Best white wood will stand better than either of 
the two latter sorts of w r ood ; in fact, it yet remains to be 
proved that best white wood will not, if it be properly 
seasoned, stand for inside work the test of any con- 
ditions which may reasonably be expected to be required 
of it.” 
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CHAPTER XXX. 

NOTES ON THE MANAGEMENT OF A SAW-MILL. 

In arranging a saw-mill the great points to be aimed 
at are economy and efficiency of production. First, as 
regards economy in working, it may be taken as a broad 
principle that it is chiefly secured by reducing manual 
labour to the lowest limit by the introduction of mecha- 
nical appliances or labour-saving machinery, and by 
having the building and its arrangements well suited to 
the work to be performed. Again, in joinery and similar 
wood works where manufactured articles are turned out, 
the division of labour system should in all cases be 
carried out as far as possible ; this may appear old advice, 
but it will bear repeating. Owing to the scarcity of skilled 
labour and the high wages paid in America, the division 
of labour system and the introduction of special machinery 
have of late years made greater progress there than in this 
country, and it is found that the workman by constant 
repetition of the same work will increase the output of 
his machine or hand labour 15 or even 20 per cent. 
In this country, although it must be admitted we labour 
under different conditions, and the works are not as a 
rule of so great a magnitude, a man is often allowed to 
do a variety of work, the result being a reduced output. 
As regards the labour employed, the highly skilled, and 
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consequently highly paid, workman, is as a rule the 
cheapest, the first difference in cost being soon counter- 
balanced by an increased output from the machine, and 
a better average quality. Where a steady and uniform 
business of a certain class is carried on, we are strongly 
in favour of piece work. Much has been written for and 
against this system, but as far as our experience extends, 
a man is rarely or never found who will perforin the same 
amount of work whilst working by the day or hour as he 
will whilst on piece work. Piece work, which by the 
way should never be carried to excess, also encourages 
diligence and epergy, and the skilful workman thereby 
reaps in wages his just value. Of course in some high 
classes of work, such as is sometimes found in cabinet- 
making or joinery, it is difficult to introduce piece 
work with advantage, but for the vast majority of wood 
manufactures it is undoubtedly the true system. 

Of course in piece work, workmen have the greatest 
interest in completing the w r ork with all possible speed. 
Cure must therefore be taken that it is not allowed to be 
scamped, and on no account should quality be sacrificed 
to quantity of output. Piece work has also the addi- 
tional advantage of offering a premium to the operator 
for keeping his machine and tools in constant use, and 
in the highest state of efficiency. 

In some builders’ or joiners’ establishments it is the 
custom to allow the men to use some of the machines 
haphazard : thus, if a carpenter wishes a tenon, he goes 
and cuts it on the machine. Except in very small 
establishments, this practice is not necessary, and should 
be discouraged, as the knives or saw T s are never in order, 
for what is every one’s business is no one’s. In some 
mills a man is employed to look after the tools and 
nothing else ; if unintelligent, talented man can be found, 

T 2 
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this is as it should be. He must, however, be a man 
that is not bound by prejudice, or say because his grand- 
father sharpened a saw or cutter at a certain angle, that 
it therefore under all circumstances must be right ; but 
one who can adapt himself to circumstances, and will 
not, to save himself trouble, use the same shaped tooth 
and “ set ” for working poplar as he would for oak. In 
fact, the office of saw sharpener and toolman in a saw- 
mills or joinery works is perhaps the most important in 
the place, as badly or improperly sharpened tools means 
loss of power, output, and quality. 

Where more than one saw is employed, a saw-sharpen- 
ing machine can be used with advantage. The economical 
advantages accruing from the use of a saw sharpener are 
considerable, it being capable of turning out at least «.s 
much work as six men sharpening by hand, and of better 
quality. All the teeth can readily be made of the same 
shape, space, lead, and depth of gullet, and they can be 
topped and proportioned all alike. At the same time 
the use of files and the fly press for gulleting can be 
dispensed with. The practice of touching up the saws 
with files after they have left the machine should be 
discountenanced, as the cutting action of the revolving 
emery disc used in the saw-sharpening machine, in addi- 
tion to engendering heat in the points of the saw teeth, 
owing to the rapidity of its motion through the air, 
causes a cooling process to go on at the same time, 
which, when the sharpening is completed, leaves the 
teeth with a considerable amount of Jhardness ; they con- 
sequently wear longer than if left with their “ skin ” 
soft, as is the case with hand sharpening. The quality 
of the emery discs should be undoubted, and of not too 
coarse a grit. 

In large establishments where much green timber is 
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converted, to prevent the saw 
teeth becoming rapidly dulled 
and worn, it will be found advan- 
tageous to remove at any rate the 
rough scaly exterior portion of 
the bark : this can be done by 
passing the timber beneath a 
revolving Cutter block, arranged 
in advance of the saw teeth. The 
best plan with which we are 
acquainted is to mount a cutter 
block, in a pendulum frame, 
swinging from abo^e. This 
should be counterbalanced by 
weight ; and the frame can easily 
be lowered to or raised from the 
log by a rope passing over a 
grooved wheel, and under the 
immediate control of the sawyer. 
Adjustable shields should be 
litted to the cutter block, and 
allowed to act as guides to the 
cutter, raising or lowering them 
as tliej' pass over any inequalities 
in the timber. 

As wooden block pavement 
has recently been extensively 
adopted, it may be useful to con- 
sider the most rap’d and econo- 
mical way of cross-cutting the 
deals, of which it is usually com- 
posed, to the proper lengths. 
After trying, several plans, we 
are in favour of arranging, say 
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half-a-dozen circular saws on a spindle, mounted in a 
pendulum frame, and arranged to swing from above. 
The saws may be set any desired distance apart by 
means of collars. The wood to be cross-cut should be 
placed at right angles to the saws, on a table arranged 
with openings, through which the peripheries of the saws 
can pass. 

With one man to swing the pendulum, and pass the 
saws through the wood, and another to place the deals 
in position, a large amount of work may be got through. 
If preferred, the swing of the pendulum and saws may 
be made automatic, and worked by power, and the deals 
brought into position by an endless^ belt ; but this is only 
necessary where very large output is required. 

For cross-cutting logs where a steam cross-cutting 
saw is not employed, we can recommend the American 
cross-cut saw, with teeth, as shown in our sketch (fig. 56), 
as being both rapid in action and clean cutting, with 
little drag on the saw. 

Again, all planing and moulding irons should be 
sharpened with the greatest possible accuracy, and at the 
proper angle for the various kinds of wood, &c. In the 
case of long irons, such as those used on trying-up 
machines, it is impossible to grind them true when held 
by the hand on an ordinary grindstone. For this purpose 
the grindstone should be fitted with a compound slide 
rest, and a water-of-Ayr stone attached for setting the 
irons after grinding. It will be seen from the sketch 
(fig. 57) that the slide rest shown at th* back of the stone 
is fitted with a screw arrangement, by which the irons 
can be set to any desired angle, and kept at that angle 
without moving when being sharpened. By means of 
the slide and handle shown, the iron may be traversed 
across the face of the stone in one exact line ; should it 




It will be found much better to sharpen moulding irons 
by grinding than by filing, as the process of softening the 
steel and rfchardening is at the best uncertain, and the 
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nature of the steel is certainly not improved. For grind- 
ing moulding irons some half-dozen Bilston grindstones 
of about 14 in. diameter, and of thicknesses varying from 
1 in. up to 2£ in., are generally employed: these are 
mounted on a spindle fitted in a cast-iron trough supplied 
with water. The stones are turned up to suit the shapes 
of the moulding irons most commonly in use. 

If many plane irons are in use, an automatic plane iron 
grinding machine may be employed with advantage, as 
by this means a straight edge and perfect bevel may be 
obtained on the irons with unskilled labour. An emery 
cup wheel for sharpening, instead of a djsc or stone, will 
be found both cheap and accurate, the knife being ground 
to a truer bevel and less convex than is the case when 
using a solid disc or stone. The emery cup wheel 
should be mounted on the end of a spindle running in 
an adjustable sliding head or bracket, which can be 
advanced as the cup wheel becomes worn. The knife to 
be planed is fixed in an adjustable frame arranged to 
swivel to any desired angle, and this is mounted on a 
travelling slide, which, by means of a rack and pinion or 
other gear, traverses the plane iron past the face of the 
cup wheel. By means of suitable stops the travelling 
slide may be made to traverse to suit either long or short 
knives, and to throw itself out of gear when the grinding 
is completed. If emery is employed to sharpen, the cut 
should always be light, or the temper of the edge of the 
iron may be damaged. 

For grinding down and shaping gutters the emery 
wheel will be found much more rapid and economical 
than either files or grindstone ; prejudice and the intro- 
duction of emery discs of an inferior quality have, how- 
ever, in a measure retarded their general use. If an 
emery disc of good quality is used, and a fair trial given 
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to it, it will, we feel sure, be found a most labour-saving 
and valuable implement. Emery wheels should in all 
cases be mounted on well-made and substantially-built 
frames, as they will be found to run better, and cut truer, 
and with less liability to accident, than if mounted in 
a rickety wooden frame, as is often the case. 

Emery wheels or discs can be very profitably employed 
for planing, dressing, or glazing metal surfaces, planing 
irons, chisels, &c. All kinds of emery wheels, saw 
sharpeners, &c. • should be arranged in rooms by them- 
selves, so that any emery dust that may arise in working 
may be kept a\^ay from the bearings of any machines. 
If many wheels are in use, it will be found best to use a 
small exhaust or suction fan, which will carry away the 
dust from the room as made. 

It has been many times asked, Which is the better for 
saw-mill work, a hard or a soft emery disc ? After con- 
siderable experience, we prefer a moderately soft disc, 
which will be found to cut quicker, and heat and glaze 
less than a hard one. It will, of course, wear out quicker 
than a hard disc, but anything lost in this way is more 
than repaid from the increased output. Another advantage 
in favour of the soft wheel is, that it requires less pressure 
to take a heavy cut, and therefore is less likely to case- 
harden the material on which it is operating. For rough 
grinding purposes, such as cleaning up castings, &c., a 
hard wheel should, be used. For fine grinding or polish- 
ing a fine soft wheel is the best. As we have before 
remarked, it is false economy to use cheap wheels, as 
they ore unsatisfactory in working and dangerous. Thin 
wheels of large diameter should be avoided ; unless for 
special work, nothing thinner than f in. should be used, 
and this should be of a diameter not exceeding 12 in. 
For saw-sharpening purposes a thickness of ■£ to J in., 
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with a diameter of 12 in., will be found the most useful 
sizes ; for very fine saw teeth a disc \ in. thick may be 
used, but its diameter should not exceed 6 in. Care 
should be taken that no wheel is used that is twisted or 
warped, or at all out of balance, or of unequal thickness 
or density, as it becomes exceedingly dangerous when 
run at the high rate of speed necessary to do rapid and 
effective cutting. The best kind of emery wheels are, we 
believe, turned up and tested at a high speed in a lathe 
before being sent out, and if all wheels were so treated, 
accidents from wheels flying to pieces would be extremely 
rare. 

Emery wheels, for whatever purpose they may be used, 
should never be run without large washers or flanges on 
either side of them. These are best made slightly concave 
on their inner side, and a thin piece of packing — leather 
will do very well — placed between them and the wheel, 
and tightly screwed up. Care should be taken, however, 
that they are not screwed too tight, as thin wheels 
especially are liable to crack under excessive pressure, 
and are then, of course, extremely dangerous. All emery 
wheels should be fitted with a strong guard, and they 
should fit on their spindles easily. Should a wheel 
become untrue, so that the centrifugal force set in 
motion makes it jump or run untrue in working, it 
becomes dangerous, and should be turned up. The best 
way to turn up, bevel, or round emery wheels, is to use a 
diamond-pointed tool. In lieu of this, constantly damp 
the wheels with a sponge, and scrape , or turn them with 
a thin piece of iron. This, however, is rather a slow 
process. If a wheel becomes glazed on the surface, in the 
first place wet it with a sponge, and scrape it with a piece 
of hoop iron. Should the glaze arise from grease, which 
is often the case, this will clean the wheel, and make a 
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fresh face. Wheels will, however, glaze on the face if 
they are unsuited to the work they are doing. In this 
case a wheel of a different grit should be tried, or the 
face of the wheel should be roughed. All articles to 
be ground should be thoroughly cleaned from oil or 
grease. 

Emery wheels will be found extremely useful, not only 
for sharpening saws, but for grinding and reducing all 
kinds of cutters, and as their merits become better known 
their adoption will be more universal than they now are. 
A wheel about 20 in. in diameter by 8 in. wide will be 
found a suitable size for the general purposes of a saw- 
mill. It should be fitted with an adjustable slide for 
holding plane irons to any # desired angle, although emery 
wheels, as we have before remarked, should not be used 
for putting a finishing edge on irons, but for reducing 
the back of the cutting edge to a proper angle. 

In working emery wheels great care should be taken 
that they are run at a correct speed (see chapter on 
Speeds). If they are run too last they may fly to pieces, 
and if too slow they will not cut properly. We give 
some of the reasons which cause emery wheels to fly to 
pieces, so that they may be guarded against as much as 
possible : — (1) From running at too high a speed; (2) from 
cracking of the wheel at the spindle hole, by the expansion 
of the spindle, and from the wheel fitting too tight; 
(3) from a blow, • or from screwing up the washers on 
side too tight ; (4) from the wheel being warped in 
shape, or unsound, or out of balance; (5) from the 
wheel becoming too hot, owing to the work being forced 
against it. 

A considerable source of danger in most manufactories 
is the grindstone, either from its flying to pieces, the 
danger in shifting the belt, or in the workman, when 
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grinding, getting his hand between the rest and the stone. 
In most cases the grindstone is driven directly from the 
‘main shaft, and owing to the large power required to 
drive it or when the stone is being turned up, the belt, 
at any rate with large stones, is continually stretching 
and slipping off the driving pulley, and many fatal ac- 
cidents have occurred through forcing this belt on again 
by hand. In lieu of driving direct from the main shaft, 
it will be found safer in this case to employ a countershaft 
with fast and loose pulleys ; and the striking gear to 
throw the belt on and off should be arranged immediately 
under the hand of the workman using the grindstone, so 
that in case of accident the stone may immediately be 
thrown out of motion. 

In speaking of economy in the saw-mill, it should, cf 
course, be the aim of the management to throw as 
little wood on to the waste heap as possible. This is 
particularly the case in this country, where timber is 
dear, and where short stuff may be worked up into sashes, 
doors, box stuff, or firewood, with advantage; but in 
countries where much pine timber is grown it will often pay 
as well to burn it, as in mtmy cases the cost of carriage and 
expenses in conveying the manufactured article to the 
market will considerably exceed the cost of conveying 
rough timber to the same place, and thus the rough 
timber may be converted at the place of sale, and the 
residue made into box stuff, &c., at a less cost than the 
box stuff could be sent from the mill where it was made 
to the same market. At the same time, if the manu- 
factured goods had to go through many hands, and 
became knocked about or damaged in transit, the selling 
price would be still further reduced. In isolated countries 
it therefore requires very careful consideration whether it 
will pay best to burn or manufacture the waste wood ; 
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this consideration in some cases with which we are 
acquainted has not been given, and the result has been 
that the machinery employed has been thrown on one 
side. Again, the competition between rail and water 
carriage should be carefully studied. 

Owing to the nature of the fuel used in many saw-mills, 
the boilers are subject to the extremes of expansion and 
contraction, and they should therefore be managed with 
the greatest care, to prevent any deposit of scale on the 
heating surfaces. 

Another important point in economical management is 
to always have the various machines fully employed; and, 
taking everything into consideration, it will be better to 
have a moderate number of machines fully occupied than 
a larger number only partially occupied. It is very 
essential that the machines should be exactly adapted to 
the work required to be turned out, but how often do we 
see people saddled with a lot of expensive plant ill-suited 
to their wants ? 

In cabinet work and other manufactured woodwork the 
cost price should be regularly taken out, especially if 
made by different sets of workmen, so that they may 
be compared and checked one against the other; this, 
however, is often neglected, and an article is assumed to 
cost a certain sum, whilst in reality it may be costing 
more. In taking the cost price, not less than 20 per cent, 
should be added for incidental expenses, such as tools, 
rent, taxes, repairs, depreciation, gas, fire insurance, oil, 
and stores. We do not intend here to discuss the labour 
question, but without doubt the various trades unions in 
this country have done much to render competition with 
other countries much more difficult, by encouraging the 
system of higher wages and less production. 

Except when men are working on piece work, it is 
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advisable that in all cases they should book their time on 
all the work they are employed on without^ exception ; 
although in some cases this may not be necessary, it acts 
as a check on day workmen if they understand that their 
time is likely to be dissected. The writer has found the 
most convenient plan is to book all work to an order 
number as it comes in, and, as the work is given to the 
various men, this order number is given also, and the 
men directed to charge tlieir time to it; the cost price can 
thus in all cases be more readily arrived at. A small 
board for booking the time on, stamped with a number 
corresponding to that used by the workman, can be 
issued every da}' as he takes his ticket and given in by 
him as he leaves the mill after finishing work. 

In any mill where piece work is not in vogue the 
manager or foreman’s office should be made chiefly of 
glass, and 60 situated that he can command a good view 
of the mill. A code of working rules should be drawn up 
and rigorously enforced. Another important point is to 
keep a supply of work always ready for each machine, so 
that they may never be kept standing, as should a work- 
man find himself running short of material, he will almost 
instinctively hang on the job. In cabinet or other wood- 
working establishments, where the men are very highly 
paid, this, of course, is especially important, and, in 
addition, first-class men should never be employed on 
inferior work, and it will in large establishments be found 
to pay to employ labourers to bring the materials to and 
from the machines. 

Economy of material should also be carefully studied, 
as well as economy of labour. This is very often dis- 
regarded in woodw orks, and all kinds of useful short ends, 
&c., which could be worked up, are thrown to feed the 
boiler. Again, men are in the habit of taking a better 
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quality of wood than the nature of their work requires. 
This should be guarded against as far as possible, as the 
amount lost in one single instance may not be much, 
but multiplied many times over it soon reaches a respect- 
able sum. All stores should be charged to eachmachine, 
and it will be found well to give them each a number. 

In working a moulding and shaping machine, it will be 
found best to use one cutter only on the block, with a 
metal blank on the opposite side of the head to balance 
it, instead of two cutters sharpened to the same profile, 
as.it is practically impossible to continually sharpen two 
complicated cutters exactly alike, as the temper of the 
steel may vary, and the wear of the cutters be unequal, 
the result being that wavy or imperfect mouldings are 
turned out. 

We must not omit to call attention to the necessity of 
keeping the grindstone used for sharpening the plane 
irons perfectly true on the face ; this can best be done by 
using a mechanical grindstone dresser, and for this pur- 
pose the little tool (Brunton’s patent) which we illustrate 
at figs. 58 and 59 will be found extremely useful. The 
rest must be bolted firmly to the grindstone trough, and 
in such a position that the centre line of the tool spindle 
is in line with the centre of the grindstone spindle. In 
commencing to turn up the stone, see that the cutting 
tool is set at the right angle, and take a moderate cut, say 
l in. deep. Do not take the cut right across the stone, as, 
should the stone be tender, a piece might be broken off 
by the cutter at the edge. Therefore stop the cut two 
or three inches from the edge (according to the size of 
the stone), and withdraw the cutter from touching the 
stone, slack the nuts, and turn the top of the rest so as to 
cut the opposite way ; and turn the portion of the stone 
left to the same diameter as the remainder. Never draw 
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the cutter back across tlie stone for a fresh cut whilst it 
is touching. If the grindstone is very tender, break off 
the corner of the stone with the tool before taking a cut. 
The stone may be turned either wet or dry, but by 

preference it should 
be damp, as no dust 
is made. 

We have already 
given some notes on 
the management and 
working of saws. 

Waste of steam 
power is a fruitful 
cause ofloss; in a saw- 
mill, perhaps, more 
than in most other 
factories. There are 
several ways of guard- 
ing against this. First, 
by the employment of 
an engine fitted with 
an automatic expan- 
sion slide, which regu- 
lates the consumption 
of the steam to the 
power required to 
drive the machines ac- 
fig. 58 . tually in motion. In 

engines not so fitted 
much depends on the boiler attendant, who should, after a 
little experience, be able to gauge the average pressure 
required, and keep his boiler close to this point : but 
how often do we find boilers either blowing off, or the 
pressure of steam down so low that, if an extra saw bench 




MANAGEMENT OF A SAW-MILL . 


289 


is put on, the engine speed is immediately slackened, and 
all the machines made to run under their speeds, with a 
corresponding loss in the quality and quantity of the 
output. In some cases also a machine has to stand till a 
higher pressure of steam is obtained. 

It is important that a thoroughly good mill foreman is 
employed — a man who knows what to do and how to do it 
— and we are in favour of allowing a foreman, in addition 
to his weekly wages, a small bonus or commission on 
results above a certain point ; it is astonishing even with 
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steady, honest men, what a fillip their energies receive 
when they think they are working for themselves . If 
piece work is in vogue, the sub-contracting of it should 
not be permitted under any circumstances, as the result 
is, almost invariably, either bad workmanship or under- 
paid or overworked men. In a mill for wood conversion 
money is often lost from the plant not being completed 
with those additions which in any degree lessen the 
labour of handling the material or keeping the various 
tools in a greater degree of efficiency. The various 
useful articles which wc shall enumerate are not, of 
course, necessary to every class of wood conversion, but 
may he added or left out, as necessity dictates. In 
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large saw-mills the use of the following will be found 
advantageous : — 

Wellington traveller, plane iron grinder, with water of 
Ayr stone attached (in lieu of water of Ayr stone an 
emery composition disc may be used), moulding iron 
grinder, grindstone dresser, saw-sharpening machine, 
band saw-sharpening frame, packing pieces for saw 
frames, duplicate sets of cutters, forge, portable vice, 
pulley blocks, belt stretcher, belt shifter, belt fasteners 
or laces, hand-trucks or tramways for conveying material, 
timber-hauling apparatus for ditto, extra lubricators, emery 
wheels, Turkey stones, saw-files, oil, &c. 

A steam glue heater, heated by the exhaust steam, 
should be used in cabinet and joinery works, also buffing 
wheels, and where doors, tables, &c., are made, sand- 
papering machines will save a large amount of hand 
labour. We do not recommend the use of a gulleting 
press for re-toothing saws; the teeth, in fact, should 
never he allowed to get so short as to make re-toothing 
necessary : the gulleting should be done with the saw- 
sharpening machine. 

All stores should be under the charge of one man, who 
should hook against each the things given out. Dirt 
and confusion in a mill should be strictly avoided ; in 
fact, there should be a place for everything and everything 
in its place, 

A large number of hints on Saw Mill management 
will be found in the Author’s companion volume 
* ‘Woodworking Machinery,” &c. 
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CHAPTER XXXI. 

PORTABLE SAWING MACHINERY FOR FOREST USE. 

In countries where the distances and cost of transport 
are great, it will often he found most economical to con- 
vert timber in the forest close to where it is cut down ; 
it can thus at once be made into a marketable form, in 
the shape of flitches, deals, boards, or panelling, and 
a considerable amount of haulage saved. As regards 
motive power a portable engine is the best form to 
employ, as it may readily be moved from place to place ; 
this should be constructed with an extra large fire-box 
for burning chips and sawdust. 

For log sawing a portable timber or reciprocating saw 
frame is to be preferred ; all the working parts should 
combine strength with lightness as far as possible, so as 
to facilitate- transport, and they should be extremely 
well made to avoid the chance of a breakdown. The 
carriage and side framing should be on the “box” 
system, which ensures increased rigidity and steadiness 
in working without increasing the weight. With this 
object in view the base of the frame should be bolted to 
long pieces of timber which should rest on the ground. 
The travelling wheels on which the frame is mounted 
should be let into the ground somewhat, and wedged up 
with pieces, of wood. The general arrangement of the 
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machine is similar to an ordinary log frame, and a 
moveable apparatus for cutting deals may or ipay not be 
fitted. It will be found preferable to drive the swing or 
saw frame by means of a bell crank from the main or 
crank shaft. The carriage carrying the machine should 
be arranged to turn at any angle, and the iron rails which 
support the timber carriages should be fixed on longi- 
tudinal timber, and set to a dead level. The timber 
carriages should be fitted with adjustable clips and 
transverse arrangement to facilitate the cutting of twisted 
or crooked logs. The frame may be driven by a belt 
direct from the engine. No countershaft or intermediate 
gear being necessary, it will be better to drive off a 
pulley fitted on the engine-crank shaft *hun off the 
fly-wheel itself. 

A portable circular saw bench is also well adapted for 
forest use ; it can be mounted on a pair of strong iron 
wheels, and fitted with shafts for a horse, so that it can 
readily be moved from place to place. It can be used 
with advantage in conjunction with a log frame, and if 
employed for edging flitches or deals two or more saws 
should be mounted on the spindle. The main frame of 
the bench should be cast in one piece, and the travelling 
wheels mounted in slides, so that they need not be re- 
moved when the bench is required to work, but by means 
of a worm and worm-wheel, or other suitable gearing, 
the bench may be lowered to the ground, and the wheels 
stow themselves away below the top of the bench frame. 
A drag-rope feed saw bench is preferable to any other 
for forest use, except a rack bench, which is as a rule 
too ponderous to be moved about with facility. If a 
rack saw bench is used, to secure portability, it should 
be constructed chiefly of hard wood, and so jointed that 
it may readily be taken to pieces. In all machines used 
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in the forest, complication should be avoided, as, should 
a breakdown occur and the nearest engineer reside some 
hundreds of miles away, as is often the case, a great loss 
is occasioned ; in fact, it is advisable that duplicate sets 
of bearings, &c., should be taken with the machines, and 
these could be fitted to their places by the engine-driver 
or sawyer. 

Mechanical tree-fellers have come into slight use in 
some districts, but as we have in our previously published 
book* noticed .these, we shall not here dwell further 011 
them. Forest machinery should be carefully fixed before 
being set to work, as any little time spent in this way is 
amply repaid by an improved quality of output. 


Extracting Hoots. 

For removing the stumps and roots of heavy timber 
nothing is so eliective as a charge of dynamite, and as the 
use of this explosive becomes better understood it will 
doubtless come into more general use for the purpose. 
An antifriction or rolling cam-press has also been used 
with more or less success. For extracting roots, stones, 
or stumps of moderate dimensions, the little apparatus 
we illustrate herewith (fig. 60 ) will be found extremely 
useful. As will be seen from the sketch, the lifting 
power is obtained by means of a lever and catch, acting 
on a ratchet wheel, and the power of which one man 
working on the lever is capable of exerting is from five to 
six tons. Owing to its extreme simplicity, it is not likely 
to get out of order, it can be readily moved from place to 
place, and will be found of considerable value in clearing 
land. The shear poles are usually made from 7 ft. to 


* “ Wood-working Machinery : Its Rise, Progress, and Construction." 
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10 ft. high, generally allowing sufficient room for a low 
truck to be run beneath the roots, and they may thus 
easily be removed from the ground. Another method 
often employed in Canada for removing very obstinate 
stumps is to bore several holes in a vertical direction 
through the stump, then till these holes with coal oil, and 



FIG. 60.— Rom' EXTUAfTOTI. 


allow it to soak into the wood, continuing the operation 
until the stump is pretty well saturated ; a good fire must 
then be lighted round it, when it will, if the plan has 
been properly carried out, burn right down into the 
ground. $ 

There are many other varieties of stump extractors 
amongst those used in America and other countries, 
where much land clearing lias to be done ; we may 
mention the following : — An extractor consisting of a 
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lever and claw arrangement : the lever is mounted on 
strong wl\eels which act as a fulcrum, and the claw 
catches over the stump in a way somewhat similar to a cant 
liook. Horses are used to pull the lever over by means 
of a strong rope, and this tips or levers the stump out of 
the ground. Another plan is to mount a toggle in a 
frame fixed over the stump : an upright hoisting bar and 
lever are also fixed in the frame, and these are worked by 
means of chains or ropes. Capstans are also used for 
stump extracting : these are usually fixed to another and 
stronger stump, and the capstan lever turned by horses, 
the chain attached to the stump being at the same time 
wound round the capstan barrel. Windlasses worked by 
horses and a screw hoist mounted on a trolly and worked 
by hand are also considerably used. 

When many logs are felled in countries where there is 
much snow, sledges are largely employed for transporting 
them. It will be found best to fit these with shoes 
of Bessemer spring sterd, shaped to the runner but 
with a convex or rounded bottom which will pre- 
vent the sledge from slewing on hilly ground. The 
bolt heads should in all cases be counter-sunk into 
the stioe. 
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CHAPTER XXXII. 

I IE CENT ENGINEERING IMPROVEMENTS IN SAW-MILLS. 

Steam is still the power fur the most largely employed 
in saw-mills, but gas engines 1mA e, however, of late 
made great head-way for power purposes. This has 
doubtless been largely brought about by the simplified 
and economical processes introduced for making producer 
gas. Gas is made in a producer by the combustion of 
air with the decomposition of a small amount of steam 
in a bed of incandescent fuel, the proportions of super- 
heated steam being regulated to suit the load on the 
engine, and to keep the lire at a uniform temperature. 
In the most recent process this steam and air is druAvn 
through the fire by the “ suction ” stroke of the engine 
itself, and the gas as made passes through a coke scrubber 
and water- spray which removes the impurities and cools 
the gas- Anthracite coal is chiefly used with this ap- 
paratus and the consumption is about Jib. n.n.p., and 
of coke about lib. per b.ii.p. The subject being too 
extensive to be dealt with in detail her£, the writer would 
refer anyone interested to his recently published book 
thereon.* 

Although the transmission of power by means of 
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electricity has been introduced into some mills and wood- 
working establishments during the last year or two, it 
can hardly be said to have made such headway in this 
connection as was anticipated. This has arisen from the 
difference of opinion as to its economy as compared with 
large steam or gas engines, more particularly where the 
latter use producer gas. 

As already remarked, in large saw- mills steam is still 
the power most generally employed, and where saw-mill 
waste is the fuel, it can without doubt be used with the 
greatest economy. 

There is no dpubt that the initial outlay for an electric 
installation is considerably in excess of either steam or 
gas, but each machine, when coupled to a motor, has a 
positive motion and is kept to a standard speed, thus 
improving the output. 

Avoiding technicalities as much as possible, on the 
present occasion we propose to discuss briefly machine 
driving by electricity, bearing in mind that although it is 
often erroneously called “ electric power,” electricity is 
only a method of transmitting the power which has pre- 
viously to be generated by means of a separate motor 
and dynamo. I approach the whole question of power 
in saw-mills with quite an open mind, and take it that it 
resolves itself largely in the minds of users as really a 
matter of pounds, shillings, and pence. 

The first and chief question that presents itself to 
those contemplating electric driving is, At what cost 
per unit can the current be secured ? Electricity when 
geneiated 011 a large scale at a central station, can be 
made much cheaper than it can privately, and saw-mill 
owners, as a rule, will probably prefer to rely on the 
public supply. One advantage of electricity is in connec- 
tion with the lighting of the mill. For this it is more con- 
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venient, and its use often ensures a reduced fire insurance 
rate. 

A chief feature in the electric distribution of power 
is its great adaptibility for driving machines scattered 
over an extended area, thus doing away with counter- 
shafts, belts, steam-pipes, or separate motors. Floor 
space, too, can sometimes be economised, a matter oflen 
of very considerable moment in large towns. Again, in 
some mills, if the engine is overloaded, and electricity 
can be bought cheaply, it can be often used to advantage 
in driving a few of the machines, and thus relieving the 
main motor. Or if overtime be worked^ a few machines 
in general request might be driven electrically and so 
avoid running the mill engine. # 

Some electrical engineers recommend that each machine 
be driven by a separate motor, hut this means a very 
large initial outlay and a considerable continued cost for 
upkeep. It, however, does away with belts and their 
slipping propensities, etc. Where a number of small 
machines are in use and the power required to drive is 
not great, the writer is in favour of grouping them, each 
section being driven by a separate motor. 

As regards the best electric system to select for power 
purposes, in the writer’s experience, the three-phase 
system can be generally recommended, and is the one 
now largely used by distributing power companies, as 
other things being equal, a three-phase motor will stand 
an occasional overload — which often occurs in saw-mills 
— better than a direct current motor, and at the same 
time they are more cheaply maintained. A very general 
form of three-phase motor, and one that has been largely 
adopted for general purposes, is known as the “ squirrel 
cage,” or short-circuited motor. The three-phase motor, 
in the experience of the writer, has an advantage for 
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saw-mill work, as it has no commutator or brushes, is 
easily managed, and keeps up a constant speed — so long 
as the speed of the main generator is kept constant — no 
matter what motors are thrown on or off. It will also 
stop if overloaded. With the ordinary continuous current 
system, on the other hand, if a motor be taken off, the 
voltage of the other motors on the same circuit is raised 
and their speed increased, which is a drawback in driving 
woodworking machinery, where the speed is usually 
constant. In saw-mills, owing to the inflammable dust, 
etc., the dangers of fire arising from sparking should be 
guarded against., With motors using a commutator and 
brush gear, a motor of either the semi or complete^ 
enclosed type should # be selected. For use in dangerous 
situations a completely enclosed motor with flame-tight* 
joints can be used with advantage, as although the output 
of an enclosed motor is less than a semi-enclosed one — 
owing to the difficulties of ventilation — it is undoubtedly 
safer. In the best practice the bearings of an enclosed 
motor are now placed outside the casing to avoid any 
overflow of oil getting on to the armature or field winding. 
Another advantage of electric motor driving that must 
not be lost sight of is, that it only absorbs the amount of 
power required for the load that is on it at the time, and 
is at its best compared with mechanical transmission 
when running under light loads. 

Unlike steam or gas — with a mechanical transmission 
through belts and shafting where the loss arises from 
friction — in electric driving there is little frictional loss, 
but what loss occurs is chiefly in the form of heat. 

Briefly, for saw-mill work a motor should he selected 
that is (1) simple of construction and the highest work- 
manship ; (2) of the enclosed type ; (3) of ample power ; 
(4) with freedom from sparking; (5) with a high power 
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factor ; (G) and bo a self-starter. The motor should be 
firmty fixed on a good foundation with a thick sheet of 
indiarubber or felt between it and the floor, to absorb 
vibration. The healings should be of ample length, be 
protected from dust, kept clean, and be fitted with auto- 
matic lubrication. 

The driving belt should be thin, pliable and of ample 
width. The writer prefers a flat cemented joint to any 1 
other, especially when running over small pulleys. The 
driving centres should be of ample length, as short 
centres mean slipping belts, hot bearings, and more 
rapid wearing out of both belts and headings. In lieu of 
driving with belts, some motors, where the speed, etc., is 
suitable, can be coupled directly on to the machine with 
advantage. 

On introducing electrical driving, a matter of paramount 
importance is that the motors employed possess an ample 
margin of power for the work, or they will heat and give 
constant trouble. The writer has known several cases 
in which motors have been removed altogether on this 
account and on the score of increased cost. The duties 
of a motor in a saw-mill are often very severe, and with 
loads suddenly applied, as in a rack bench or log frame, 
for instance, present difficulties of driving not found in 
ordinary machine tools. 

In mills in which cranes are only used intermittently, 
electric driving — if the current is cheap — can often he 
employed with great advantage, as the power can be at 
once switched off when not wanted. In this case isolated 
machines — such as a log cross-cut saw in the yard — can 
also be economically electrically driven, and the mill and 
yard lighted. 

In planning a saw-mill for electric driving the ordinary 
method of arranging the machines in parallel lines and 
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driving from lino shafting can be modified and the 
machines be arranged in any position most convenient 
for operation and the handling of the material. The 
works, too, can be readily worked in separate sections 
or departments if required, each one being made self- 
contained, and the strain to the building, of line-shafting 
running on upper floors, is also avoided. 

A very useful application of electric driving can be 
made by employing a portable cross-cut saw in the yard, 
enabling logs to be cross-cut in any desired position 
instead of having to either cross-cut by hand or to bring 
the logs to a fixed saw, a matter often of considerable 
cost and inconvenience. Overhead electrically -driven 
travelling blocks can # also often be used with advantage 
in the mill. 


Ball and Roller Beak intis in Wood-working 
Machinery. 

Wood-working machines are now made with ball or 
roller bearings in practically all types of cabinet-making 
machinery, and in many planers, boring machines, chain- 
mortise machines, &c. 

In Large Band Re-raws ant> Band Mills. — For these 
roller bearings are used to enable them to withstand the 
very heavy pressures which obtain in them. With regard 
to these machines it should be noted that their speed and 
output lias been* increased very largely by the introduction 
of roller bearings. 

In Circular Saw Benches.— Ball bearings are used for 
many types of saw benches, but for the heaviest work 
roller bearings have proved more satisfactory. On the 
Continent this application lias been most extensive, blit 
in this country also many of the makers are fitting them on 
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request, the question of price alone preventing their general 
adoption. 

In Planing and Moulding Machinery. — As these run 
at practically the highest speed of any wood -working 
machinery, a very free-running bearing is absolutely 
necessary. Especially so is it with regard to vertical 
spindle moulding machines, which, in the French spindle 
type, run up to some 10,000 revolutions per minute. 
Although it is the common practice to run planing machines 
3,000 to 4,000 revolutions per minute, this is largely done 
because ordinary bearings are difficult to keep cool at higher 
speeds ; higher speeds undoubtedly give ft finer quality of 
work. When a machine is speeded up, a very necessary 
point to be borne in mind is that especial care should be 
taken in balancing the cutters, as unless this is done centri- 
fugal force will put a very large strain on the cutter bolts, 
&c., and breakage may result. 

In Mortising and Boring Machinery.- -For the ordi- 
nary types of power mortising machines ball bearings do 
not have the advantages which they have in the other 
branches of wood-working machinery, chiefly because the 
motion is reciprocating, combined with a very heavy 
hammering action. In boring machines they give every 
satisfaction, and require little lubrication if the bearings 
are properly protected from dirt. These remarks also apply 
to chain mortise machines. 

In Miscellaneous Machines. -Sanders, dovetailers, 
cutters, grinders, lathes, &c., have had ball bearings 
applied to them, but not to any ejetent — but for no 
particular reason, however, as in similar metal-working 
tools they have proved themselves successful. 

Lubrication. — Ball and roller bearings require a very 
small amount of lubrication to keep them in good running 
condition, this being partly necessary in order to prevent 
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corrosion from the atmosphere. In fact, in electric motors 
running under good conditions they have been known to 
run for over six years without any renewal of lubricant 
whatsoever. In wood-working machinery, however, it is 
necessary to recharge the bearings more frequently, as, 
owing to the high speeds at which they run, -the lubricant 
has a tendency to ooze out. In boring machines it has been 
found that one charge will usually Jast about twelve months. 
For planing and moulding machines, where speed is con- 
siderably higher, and oil slush is often used, it is necessary 
to recharge every four or five months. If the workshop 
is a very dusty one it will be necessary to lubricate rather 
more often. Holler bearings run well on grease, unless the 
speed is very high, wTien oil is to be recommended. 

Roller bearings should hot be filled tight with grease, as 
it will then obstruct the rollers unduly and cause unnecessary 
friction. 

It is most essential that a suitable grease or lubricant 
is used, and that this should be quite neutral, as many of 
the breakdowns which occur in ball or roller bearings have 
initially been caused by unsuitable lubricant. When a 
slush is used a light neutral mineral oil should be used 
to mix with the grease. Ordinary Stauffer lubricant 
should not be used unless it is guaranteed by the manu- 
facturers, or has been tested and found to be free from 
alkali, acid and saponaceous matter. Greases containing 
graphite should not be used, as ordinary grades of this 
substance will be found to lap down the bearings, and 
quickly cause play in the races. Castor oil should not be 
used for either type of bearing, as tests have lately proved 
it to be very corrosive. 

Tests for Oil and Grease. 

1. Acid or Alkali. — Soak cotton wick in the oil or 
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grease, and wrap this round a piece of polished steel. 
Leave it in the sun for at least twenty-four hours, and if on 
removal of the cotton wick the steel is etched or marked, 
it indicates a corrosive acid or alkali. To show slight 
traces of acid, &c., the steel should be exposed for at least 
a week. 

2. Acid. — Take equal parts of a 50 per cent, solution of 
soda carbonate and oil, place in a test tube, shake, and allow 
it to stand ; if acid is present it will form a precipitate. 

3. Acid or Alkali. — Dissolve a small quantity of grease 
in five to six times its bulk of boiling water, and while 
the oil will not mix with the water, the acjd will. A piece 
of red litmus paper should be used for testing for alkali, 
and blue litmus paper for acid. 

The water can be boiled down to make the solution 
stronger. 

4. For Many Animal Fats and Saponaceous Matters. 
— Place 5 to G ozs. of the lubricant in a saucepan and add 
1 or 2 ozs. of caustic soda or concentrated lye. Boil the 
mixture from fifteen to twenty minutes and set to cool. 
A tables] joonful of salt will hasten solidification. When 
cold, if the surface is covered with soap particles, the oil 
contains animal or vegetable fat. 

Chain Mortise Machines. 

The chain mortise machine has, during recent years, 
been considerably adopted where the advantages, high 
output and accurate, unstrained work, have been properly 
realised. 

In choosing a machine, the following points should be 
borne in mind, in addition to those mentioned pre- 
viously : — 

1. The main slide or chain headstock bracket should be 
of ample length to avoid vibration, and should have adjust- 
able side plates. 
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2. The table should be a compound one, and with 
sufficient lejigth of cross slide. 

3. The weight in the machine should be kept low, and 
the base should be of massive construction and extended. 

4. A fan should be provided, first, to enable the operator 
to see what he is doing, but chiefly to remove chips, which, 
if left to lie in a heap around the mortise, tend to foul the 
joints and gullets of the chain, causing bad cutting and the 
likelihood of breaking. 

5. The top chain sprocket shaft should be of high tensile 
steel, very carefully turned and running in high-class 
adjustable bearings, as if it is not so, and the sprocket 
does not run quite truly, a slight but very undesirable 
(as it is continuous) strain is given to the chain, often 
stretching it unevenly. This is noticed in practice by the 
chain running tight and loose, a state of affairs which tends 
to bad cutting and sometimes breakage. 

6. The chip breaker should slide freely in its lug on the 
chain bracket, but without shake, and should not move in 
the exact vertical plane as the chain. If it is untrue or 
wobbles, it is impossible to adjust the wood-pad close 
enough to the cutter edges to prevent chipping, and give 
a nice edge to the mortise on the side where the chain 
leaves it. 

7. The guide bars on which the chains run should be of a 
high grade of steel, with hardened sides where the chain 
bears. They should be slightly taper, being ^ in. less at 
the top to compensate for the slight swing of the chain. 
The anti-friction roller at the end should be kept well 
lubricated, as it receives the dead thrust from the chain 
wdien it enters the work. Owing to facts that have come 
before our notice, particular attention is drawn to the lack 
of interchangeability of guide bars supplied by some 
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makers later than the machine, and purchasers are advised 
to see that each size of chain cuts equally truly. 

Fig. 60a serves to illustrate two important points : the 
lubrication and tension of mortise chains. The necessary 
tension should allow the chain to be pulled away from 
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the guide bar as indicated to the extent of J in. Neg- 
lect of careful tensioning is largely responsible for broken 
chains, caused by undue slackness, Jind overheating and 
wear caused by undue tightness. 

Horizontal Log-Band Saws. 

Horizontal log-band saws have been introduced to a 
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considerable extent, and when carefully designed, made, 
and operated, have proved themselves valuable machines ; 
as they are very rapid, turn out good work, and waste 
little wood — consequently they have, to a certain extent, 
displaced the ordinary vertical log-frame and rack circular- 
saw bench for log converting. As the hand saw cuts only 
one board at a time the operator can frequently examine 
the soundness of the log and convert it to the best ad- 
vantage, a favourable feature not possessed by the vertical 
log-frame which carries a number of saws. As compared 
with the rack-saw bench, the band saw effects a great 
saving in power and wood together with an increased 
output. 

Iri working a log-fland^ sow it is important that it be 
carefully fixed on a good foundation. The saw blades 
must be of the best quality and should in all cases 
be machine sharpened and set so as to secure absolute 
uniformity ; and an adjustable tension apparatus be fitted, 
so as to secure a uniform tension on the blade, also 
adjustable guides to receive the back thrust of the saw. 
The best form of table for carrying the log is one running 
on wheels and worked by a wire cable which is pre- 
ferable to the ordinary rack feed. The table should be 
fitted with readily adjustable dogs and head blocks, have a 
variable feed and all motions he under the ready control 
of the operator. It need hardly be said that to secure 
success the frames of Hie machine should he massive, the 
saw wheels and working parts be iu absolute balance, 
the lubrication carefully attended to and the workmanship 
generally be of the very best. The usual speed of saw- 
blades is from 7,000 to 9,000 ft. per minute and feed of 
of table from 4 to 90 ft. per minute with a quick return 
motion. 
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Planing Machines for High Speeds. 

Much attention has been given of late to the question 
of increasing the speed and output of four-cutter planing 
and moulding machines, and considerable difference of 
opinion appears to exist thereon. On one hand, it was 
urged that any gain arising from very high speeds was 
more than counter-balanced by the loss from bad work, 
increased repairs, difficulty of keeping in order, higher 
first cost, &c. On the other hand, it \Vas claimed for 
high-speeded machines that considerably more work was 
turned out by them, and that they were in daily use 
planing up to 150ft. per minute. 

There is little doubt that some of the machines adver- 
tised to work at this speed are quite incapable of doing 
so for any length of time, and turn out good work. For 
anything above 90ft. per minute it is necessary that the 
machine — I am alluding to floorboard planing and 
matching machines — should be especially designed and 
constructed throughout, and as some of my readers may 
be contemplating the erection of such a machine, a few 
notes on points necessary in its construction may not be 
out of place. 

Main Frame. — In the first place, it is imperative that 
the main frame is of extra massive construction to suc- 
cessfully withstand the extra vibration arising from the 
high speed and various stresses set up. Box or solid 
framing is much to be preferred to sectional framing, 
owing to its increased strength and resistance to stress 
and vibration by economy of material in ratio to strength, 
and by its greater neatness in design. In the framing 
put together in sections the waves of .vibration are broken 
up instead of being carried directly to the foundations. 
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Cutter Block Spindles. — The cutter block spindles 
should be # of steel of good quality, free from seams, and 
be of large diameter to avoid any chance of springing 
from the heavy belt and wood tension, and they should 
be carefully ground into their bearings. The side cutter 
spindles are best placed in the centre of the machine, 
between the bottom and top cutters, as the wood is then 
directly under the action of the holding-down apparatus, 
and there is less liability of its jarring. Some makers 
do not now place them opposite each other, and they are 
usually mounted in adjustable conical bearings. 

Bearings. — Xho bearings should be of very ample 
area, and be at short distances from each other, so as to 
well support the cutter spindles. As regards their 
material, good phosphor-bronze is to be preferred. The 
main bearings should be massive, so as to rapidly absorb 
any heat that may be set up. 

Cutter Blocks and Cutters. — It is of vital im- 
portance that all cutter blocks and cutters be true and in 
absolute balance, and the cutters should in all cases be 
machine balanced. Movable blocks should be planed or 
turned after they are fitted to their spindles. The 
cutters must be uniformly and exactly ground and 
sharpened to the correct cutting angle. The dovetail 
cutter bolts to be very carefully made and fitted, aud the 
finest Swedish iron is to be preferred for this purpose. 
Some of the most advanced machines are fitted with five 
or more sets of revolving cutters, with additional fixed 
smoothing irons to each set. Some makers have also 
introduced two additional side cutter spindles, used more 
particularly for tongucing and grooving flooring, the first 
two being employed to rough out and the last two for 
finishing. All long. cutters should be arranged to make 
a shearing cut, and be fitted with chip breakers. For 
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side cutters for rapid work circular heads having a side 
clearance are to be preferred ; the spindles^ or heads 
should be made to rise and fall. Duplicate sets of fixed 
irons and drawers should be kept in readiness or he fitted 
in the machine. For convenience of adjusting and 
sharpening, the bottom cutter block is now usually 
mounted in a draw-out frame, and the table in front of it 
arranged to rise and fall to regulate the cut. The throat 
space over the cutter is also made adjustable. To avoid 
slipping of the cutters the slot holes should be made 
true, and all hollows and smithing marks ground out, so 
as to afford a good bed for the bolts and, washers. With 
the same object in view, the cutters are often made 
slightly thicker at the back. 

Balancing Cutters. 

A matter of vital importance in working, planing, and 
moulding machines is the exact balancing of the cutters. 
These should not only be of exactly the same weight, 
and overhang, but all cutters must be made to agree in 
their corresponding members to the greatest possible 
nicety. The importance of this will be readily recognised 
when we consider the high velocity at which they have to 
run. Consequently, any inequality is enormously multi- 
plied by the centrifugal force set up, the result being 
transferred to the wood in the shape of jars and markings, 
and by the more rapid deterioration of the bearings. 

When new cutters are put on they should be put 
exactly in balance, and kept so. As already mentioned, 
in accurately balancing cutters, not only should their 
specific weights agree — which is a matter of little difficulty, 
as it can be determined with a common pair of scales — 
but the weights of the cutters should agree in their 
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corresponding parts. This cannot be ascertained accu- 
rately without the aid of a proportional cutter-balancing 
machine, and several of these have been introduced with 
very satisfactory results. In the best of these machines 
the cutters can be tried one against another in every 
position, and if any excess of weight appears in any of 
them at any point in the backs, fronts, or edges, it can 
be detected and remedied. 
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Fig. GOn illustrates a very practical type of cutter balanc- 
ing fixture by Sugar. While it can stand a good deal of 
rough handling, it is thoroughly sensitive. 

Feed Gear. — To secure a constant and even feed for 
heavy work at high speeds four pairs of feed rollers are 
usually employed. The rollers should be of large 
diameter, adjustable, and expansively geared up together. 
The toothed gearing should be machine cut, and the 
intermediate pinions made of steel or phosphor bronze. 
The top rollers should be capable of ready adjustment 
simultaneously, and the bottom rollers be adjustable for 
wear. Sometimes the feed rollers are driven by worm 
gearing, which gives a very steady feed. At least four 
rates of food should be provided. 
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Pressure Apparatus. — All revolving cutter blocks and 
fixed irons should be fitted with pressure apparatus acting 
close up to the cutters. The best arrangement witli 
which we are acquainted is a series of adjustable down 
and side pressure counterweighted revolving rollers, 
which are readily adjusted to any desired pressure with 
the minimum amount of friction on the wood. 

Luprication. — It need hardly be said that efficient 
lubrication is an absolute necessity for high speeds, and 
the main bearings are now generally fitted with a con- 
tinuous automatic oil feed. The oil used should be of 
the best, and of a body, &c., well adapted to the speed 
of the spindles, and not given to gum readily. A poor 
oil is the reverse of economical, the difference in first cost 
being rapidly counter-balanced ' by the extra power ab- 
sorbed. A mixture of mineral and animal oil is generally 
to be preferred to a purely mineral oil, and for heavy 
bearings the addition of a little finely powdered graphite 
or plumbago can be recommended. 

Driving Centres and Belts. — Short driving centres 
must be avoided ; a fairly long drive with extra wide 
belts should be used. The driven pulleys should not be 
of very small diameter, and should have very little 
rounding on their faces. With very heavy machines 
belts on both ends of the main cutter spindles can be 
used with advantage. 

Speed of Cutters. — With high rates of feed the 
speed of the cutters should be increased in proportion, 
say, to about 6,000 ft. to 8,000 ft. per minute, according 
to the diameter of the block. ‘ 

Workmanship and Skilled Attendance. — It need 
hardly be said that the design and workmanship in the 
machine must be of the highest class throughout, and the 
operator capable of readily adapting the speed to the work 
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and the wood, and working and keeping the machine in 
what may be termed absolutely scientific order. Even 
with all thfese special features of construction many mill- 
owners still prefer to work at a medium speed, say, 70 ft. 
to 80 ft. per minute. 

Exhaust Fans for removing Saw-dust, Shavings, 

etc. 

For the above purpose an exhauster with the blower 
and frame made of steel plate is to be recommended. 
It should have an extended base, and all working parts 
be very carefully balanced, and the fan be securely fixed 
to lessen the vibration of working as much as possible. 
A fan arranged witl# an up discharge is generally to be 
preferred, as it saves an <5lbow in the pipe. The diameter 
of the pipe will depend largely on the length, &c., 
necessary, and no rules can be laid down ; but, speaking 
generally, the diameter of the pipes should be increased 
in proportion to their length. In arranging pipes, square 
corners or sharp bends must be rigorously avoided, as 
they largely increase the friction and flow of the air, 
and are a fruitful cause of the pipes becoming choked. 
Where bends are necessary they should have as easy a 
curve as possible, and it will be found convenient to have 
an air-tight door near the elbow to allow of the imme- 
diate removal of any obstruction. 

The size and speed of the fan required is calculated 
by the length and diameter, number of elbows, and the 
amount of suction required. A fan with an impeller of 
40 in. should, as a rule, make about 1,000 to 1,200 revo- 
lutions per minute. A moderate-sized double fan gene- 
rally gives better results than a large single one, and 
should be worked in conjunction with an effective dust 
collector. 
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The fan should by preference be fixed in the centre of 
the work, and the connecting pipes be made as straight 
and short as possible, and the hoods and hoppers fitted 
tightly to the machines. The curves to be made long 
and easy, and in the direction of the suction, and stops 
should be fitted to shut off the current when not required. 
The combined sectional area of the branches should not 
exceed that of the main pipe, which should itself be 
equal to the air inlet of the tan. The branches to 
machines should for convenience be arranged with 
telescopic joints. 

Sturtevant gives the following instructions for connect- 
ing exhaust fans with planing machines, &c. : — “Small 
long branch pipes with large opening for air round the re- 
volving cutters, or between them and the hoods, cannot 
be made to work unless the blower is driven at a 
very high speed. Large branch pipes and closely- 
fitting hoods round the cutters, fitting so closely that 
there will be no unnecessary opening for the air, and this 
will enable the fan to do its work with a less number of 
revolutions. The secret of the matter is this, viz., the 
velocity of the air entering the hood round the cutters 
should be about the same as the velocity which the 
outside of the blast wheel travels, say 100 to 150 ft. 
per second, according to the kind and dryness of the 
material being planed. Perfectly green oak shavings will 
require a much greater velocity of wind to carry them ofi 
than dry pine. 

“ To produce the requisite velocity of wind at the hoods 
to draw in all the shavings and dust*, it is necessary to 
overcome in as great a degree as j>ossible the friction 
which is generated by the rapid velocity of the air in the 
pipe. For example, if a pipe of the proper size were 
reduced to one quarter of its size, the velocity of the 
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air in the pipe must necessarily be four times greater 
to convey the same number of cubic feet per minute. 
This would generate about sixteen times the amount of 
friction. Add this amount of friction to the increase of 
velocity and it will be seen that the blast wheel must run 
about five times as fast, say, 500 ft. per second instead of 
100 to produce, the same current as would be produced 
with a proper sized pipe. 

“ The distance between the fan and the planer is the 
great obstacle to contend with, because such an immense 
amount of friction is created in long pipes. The full 
power of the fin^ can only be felt at the planing machine 
by means of large pipes and close-fitting hoods. It 
may be thought thaf this arrangement will necessitate a 
large main pipe and a large fan, but this would be ob- 
viated by having close-fitting hoods and also by having 
valves in the branch pipes, so as to shut off machinery 
not in use.” 

In conclusion, a fan should always be selected of ample 
size for the work, and be run at the correct speed to give 
the best results, a margin being allowed for the slip of 
the belt and any air leakage that may arise. The belts 
for driving should be wide and thin, and the pulle} r 011 
the fan very little crowned. Galvanising of the pipes 
can be recommended, and the shaving magazine should 
be made fire-proof. Crossed belts should not be used, 
but the construction of the exhauster be adapted to suit 
the situation. 

In these days of excessive competition it cannot be 
too strongly urged that to secure an adequate return on 
invested capital in saw-mills and wood-converting works 
they must, in the first place (1) be carefully planned as 
regards land or water carriage, and fitted with appliances 
for rapidly passing the material into and through the 



SA IV- MILLS. 


316 

mill ; (2) be equipped with modern up-to-date power and 
machinery exactly adapted to the nature of the manufac- 
ture ; and (3), lastly, be fitted with a tool room contain- 
ing a full range of appliances for keeping all cutting tools 
in absolutely scientific order, and thereby reducing skilled 
labour to its lowest possible point, and at the same time 
increasing the quality and quantity of the output and 
minimising the amount of power consumed. 
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CHAPTER XXXIII. 

TIIE IMPORTANCE OF THE TOOL-ROOM IN THE SAW-MILL. 

After the power-house, the most important factor in 
the economy of # a saw-mill or other wood-converting 
industry is undoubtedly to be found in the tool-room, as 
no matter how well aif establishment may be equipped with 
machinery, if the cutting tools are not the highest of 
their class, well adapted for the work they have to do, 
and operated on correct lines, the result cannot be entirely 
satisfactory. 

On the other hand, given a works with a full equip- 
ment of cutting tools, kept in a high state of efficiency, 
and operated on what might be termed scientific lines, 
and the result is a distinct saving in power and wood, 
combined with an increased output of superior quality. 

Till within comparatively recent years there is little 
doubt that the tool-room in many saw mills did not 
receive the attention its importance deserved ; it is now, 
however, being gradually recognised that any reasonable 
outlay in this connection is really money very well 
invested. 

The tool-room should be placed under the direction of 
a thoroughly skilled operator, who should be held 
responsible for the efficient condition of the tools and 
appliances throughout the establishment, and also that 
they are kept running at their standard speeds. 
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The Tool-Room. 

In arranging a tool-room see that it is of ample area and 
very well lighted. It should be separated from the mill, 
if possible, to avoid vibration, but placed in a position so 
that the tools can be readily conveyed to the various 
machines. The selection and arrangement of the 
machines and tools will naturally depend on the nature 
and magnitude of the business, and I append herewith a 
list of the tools usually employed from which a selection 
can be made to suit varying circumstances. 

It will be found a good plan to have each machine in 
the mill numbered, and a small space or rack set apart 
in the tool-room for the tools each ' requires. Duplicate 
sets of tools should in all cases lbe provided, and be ready 
for work to avoid delay in changing. 

The question of saw teeth suitable for different 
woods is an important and somewhat complex sub- 
ject which it is impossible to go into on the present 
occasion, but I would recommend all operators when 
they have secured a tooth or cutter well suited for 
any special wood or work to have a template made of it 
for future reference. Much valuable information would 
thus be obtained, and “ rule of thumb” gradually done 
away with. 

In tool-rooms where much grinding is done exhaust 
fans should be fitted to get rid of the injurious dust, 
and goggles supplied to protect the eyes of the 
operators. 

The tools required in a tool-room will, of course, largely 
depend on the magnitude and nature of the business, the 
kind of set used, etc. As a guide, however, we append a 
list of the chief machines, etc., employed from which a 
suitable selection can be made. 
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Tool-Room Machines. 

1. Automatic saw-sharpening machine foi circulars and 
mill webs. 

2. A saw-setting apparatus and machine swage. 

8. An automatic log band saw-sharpening machine. 

4. A setting frame and hand tools for ditto. 

5. A band saw rolling and stretching machine, with 
shears, steel-faced anvil, cast-iron levelling block, dog- 
head, cross-face and twist-face hammers, short and long 
straight edges, tension gauge, re-toother, brazing clamp 
and forge, filing frame, lap grinder, band saw swage, 
swage shaper. 

0. An automatic flfile) sharpening and setting machine 
for small band saws. 

7. An automatic plane-iron grinding machine. 

8. A moulding iron grinder. 

9. A cutter-balancing machine. 

10. A hand machine for whetting plane irons on 
block. 

11. A grindstone, with water of Ayr stone attached. 

12. A grindstone dresser. 

13. A hand-feed saw-sharpening machine for circulars 
and mill webs. 

14. A dry emery grinder. 

15. A cutter grinding apparatus for chain mortising 
machine. 

16. A belt stretching machine and complete set of belt 
jointing and repairing tools. 

17. A selection of cutter heads, boring bits, saw vices 
and clamps, files, hammers, chisels, tempering forge, and 
working tools generally. Also straight edges, levelling 
board, tension .gauges, saw sets, spirit level, machine 
speed indicator find cylinder steam indicator. 
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Notes on Sharpening Saws. 

To reduce the power consumed to the lowest limit, to 
save wood and turn out the most and best work the saw 
teeth should be exactly adapted to the nature of the wood, 
and be alike in (1) shape, (2) length, (3) rake, (4) space, 
(5) setting, (6) bevel, (7) gauge, (8) and temper, so that 
they may each take their full share of work. This may 
appear a somewhat formidable list, but with a well 
equipped and operated tool-room they can practically be 
secured. 

In the case of .circular saws, it is, of course, necessary 
that they should, in addition, be absolutely round or in 
balance when running at full speed, so that each tooth 
should take its full share of work, and mill saws should 
never be allowed to wear hollow, or unsatisfactory work 
will be the result. 

Although no arbitrary rules can be laid down as 
regards the shape and angles of saw teeth as suitable to 
all circumstances, the following rule, evolved by the 
writer many years ago, may be accepted as a guide and 
be modified as experience dictates : If a line be drawn 
through the points of the teeth, the angle formed by the 
face of the teeth and this line should be for cutting soft 
woods about 65 to 70 degrees, and for cutting hard woods 
about 80 to 85 degrees. The angle formed by the face 
and top of the teeth should be about 45 to 50 degrees for 
soft woods, and 60 to 70 degrees for hard woods. It will 
thus be seen that the angle of the teeth found best for 
cutting soft woods is much more acute i than for hard. .. 

Emery Wheels. 

As regards emery wheels for saw-sharpening purposes, 
a moderately soft wheel should be preferred, since it will 
cut quicker and heat and glaze less than a hard one ; it 
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will, however, wear out a little sooner. Some wheels are 
harder on their surface than further in, and they do not 
cut their best until they are worn a little ; but the best 
class of wheels may be obtained of any required degree of 
hardness, as it is only necessary to vary the proportions 
of the compound used in their manufacture. Sometimes 
a good wheel will be condemned as bad, when the fault 
may arise from its being unsuited to the work it is used 
for, or it may have been run at an improper speed. 

To lessen the chance of accidents from cracks the 
manufacturers of some wheels insert in them a web or 
webs of brass wire, proportioned in strength to the size 
and weight of the w'heel. They claim that the insertion 
of the wire does not any way affect the cutting power 
of the wheel, as it wears away in advance of the emery. 
The wheel should be mounted so that it fits easily on the 
spindle, and thus have room to expand should it become 
warm. Large washers or flanges — say about one-third 
of the diameter of the wheel — should be fitted on either 
side. These are preferably made slightly concave on 
their inner side, and a thin piece of packing — rubber or 
leather will do very well — should be placed between them 
and the wheel. Care must be taken that they are not 
screwed up too tightly, as thin wheels are liable to crack, 
especially if a little warped, and they are then, of course, 
exceedingly dangerous. The saw-sharpening machine in 
which the w 7 heels are run should be well made and 
substantially built, the main frame being cast in one 
piece to minimise the n ibration of working. The ques- 
tion of speed is a factor of immense importance in the 
successful working of emery wheels. The best cutting 
speed will vary somewhat in wheels of different character, 
but a speed of from 4,500 to 5,500 ft. per minute at the 
periphery of the disc will usually be found suitable. A 
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carefully handled very good work can be turned out, and 
these machines have long proved their value iq the saw- 
mill. In addition to being carefully and substantially 
made, so as to reduce the vibration of working to the 
minimum, all saw-sharpening machines should be 
arranged and indexed, so that exact uniformity in the 
angles, depth of gullets, etc., of the saw teeth can 
readily be obtained. Although many operaters use dry 
grinding, the writer can recommend the use of a fine 
water spray, as it tends to keep the steel cool and 
minimises the injurious dust. 

Automatic saw-sharpening machines have of late years 
been largely introduced, and as their value very greatly 
depends on the condition of their cutting tools and the 
skill with which they are operated, we have dealt with 
them at some length. 

Automatic Saw- Sharpening Machines. 

Automatic saw-sharpening machines when well built 
and carefully operated are certainly to be preferred to 
hand-feed machines, as no matter how skilled a workman 
may be, it is absolutely impossible for him to produce 
teeth of the same perfect uniformity that can be readily 
done by the automatic machine. Automatic machines 
may be roughly divided into two classes : (1) one that 
operates on one side of the saw only at a time, and 
(2) one that completes the sharpening of each tooth 
separately, the emery wheel automatically turning to 
suit the angle required. 

The latter motion is extremely ingenious, and the 
machine is particularly adapted for establishments where 
a large output is required. 

The limits of time and space at my disposal prevent 
me going into the constructional details of’these machines, 
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bo I must content myself by saying that to secure the 
best results they should be of massive construction to 
overcome the vibration of working, the feed of the saw 
must be positive and uniform, and the emery wheel 
should be mounted so as to be readily adjustable to suit 
the varying angles of the hook, top and shape of throat 
of the teeth.. The emery wheel should be driven by a 
cone pulley, to keep its speed tolerably uniform, as it 
becomes reduced by wear, and an exhaust fan be fitted to 
remove the dust. 

I must not omit to say that in sharpening circular saws 
one of the mogt important points is to see that the self- 
centring arrangement on the machine coincides exactly 
with the saw spindle, otherwise the saw may be ground 
out of centre, and more or less teeth are thus thrown out 
of action when running. 

Tension in Band Saw' Blades. 

An immense amount has been written on this question, 
and much difference of opinion and confusion as to what 
tension really is, and its necessity in saws, appear to 
exist. 

In sawing, especially in hard and difficult woods, con- 
siderable friction and strain arc of necessity set up in the 
saw teeth, causing more or less heat and the consequent 
expansion of that part of the blade. To counteract or 
equalise this expansion and permit the blade to run flat 
and true on the wheels, what is known as tensioning is 
required, or, in other words, the body and back of the 
blade are expanded by means of rolls or a hammer, and 
thus the cutting edge is kept stiff and is not loose and 
pliant, as would otherwise be the case if the expansion 
or stretching of the tooth edge was not compensated or 
allowed for. • In sawing hard and difficult woods, 
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naturally the friction and lieafc engendered on the 
cutting edge are greater than in working soft woods; 
consequently the expansion is greater, and must therefore 
be compensated for in proportion. It should be borne in 
mind, however, that even a little heat will cause an 
appreciable expansion of the blade. It naturally follows, 
therefore, to my mind, that in sawing hard woods, at any 
rate, the back of the saw should be made a little longer 
to compensate for the stretching of the cutting edge. 
Some sawyers, however, claim they can get as much and 
as good work out of a straight back saw as one that is 
slightly rounded. All that 1 can say is that my experi- 
ence is distinctly contrary to this. ^ 

I am aware that in some machines, and with certain 
woods, saws may be run satisfactorily with straight 
backs, but for hard woods I certainly prefer the back 
edge of the blade to be slightly longer, but varied accord- 
ing to the wood. 

No arbitrary rules can be laid down as to the amount 
of tension required in a saw, as this can only be posi- 
tively ascertained by trial, and will depend on the nature 
of the wood, the speed and gauge of the saw, and the rate 
of its feed. For instance, a thin gauge saw, which, 
owing to the absence of metal, heats more quickly, requires 
considerably more tension than a thick one to enable it 
to stand up to its work. 

The question of saw tension is rather a complex one, 
and many points might be considered, but the exigencies 
of space prevent me discussing the master at length oji 
the present occasion. 

An expert sawyer will frequently use his straight-edge 
and tension gauge, and from experience be able to regu- 
late to a nicety the tension on the blade to suit the work 
in hand. The saw should be gone over carefully at 
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frequent intervals, and should any “ tight” or “ loose ” 
spots or twists be discovered they should be at once 
removed by stretching rolls or a round-faced hammer, 
care being taken in the latter case that heavy blows are 
not given, or the steel may be crystallised or distorted 
and cracks set up. A good roller stretcher is a sine qud 
non in keeping, wide band saws in order, as, unlike the 
hammer, the whole width of the blade can be dealt with 
at once, and greater .uniformity is obtained; at the same 
time a large amount of time is saved. 

Great care should be taken that the blade is not allowed 
to get convex op the tooth side, or it will run wavy or out 
of the truth, and there is an increased liability of the 
teeth cracking. 

If a saw is correctly tensioned, and a long straight- 
edge is tried along the back edge of the blade, it will 
appear very slightly convex, but if tried on the side of the 
blade it should appear perfectly flat. 

A skilful sawyer will readily judge as to the condition 
or defects in his saw by the truth and appearance of his 
output. For instance, a saw with either too much or too 
little tension will run out of truth and crack ; or if the 
teeth be too long, have too much “ hook,” or be 
improperly sharpened or set, or if there are “ fast ” or 
“ loose ” places in the blade, the result will be the same. 
Again, if the saw is of too thin a gauge, or the teeth of 
an incorrect shape for the nature of the wood, or the 
speed is not right, trouble will occur. 

Band Saw Bolling and Stretching Machines. 

All users of wide band saws for log or re-sawing who 
desire to keep their saws in a high state of efficiency 
should employ a good band stretching or rolling machine, 
as these machines largely dispense with the use of the 
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hammer, and at tlie same time produce a more uniform 
or even tension throughout the blade. 

In removing inequalities with a hammer, unless very 
carefully done, the texture of the steel may be damaged, 
and incipient cracks set up. The employment of rolls 
will not entirely obviate the use of the hammer — if the 
saw is badly “ dished,” for instance — but if carefully 
used they will rectify most of the defects that arise, and 
at the same time effect a great saving in time and give a 
better general result. Again, should the tension have 
been taken out of the saw through too high a speed or to 
rapid a feed, the judicious use of the rolls will restore it 
uniformly and quickly. 

In selecting a stretcher it is important that it he of 
heavy construction, and that the roll spindles- do not 
spring when subjected to considerable pressure. The 
rolls should be made solid and of a good quality of steel, 
and be carefully and accurately ground on true segments 
of a circle, and they must also be in absolute alignment 
and be properly crowned, or the result will be unsatis- 
factory. 

Heavy rolls should be geared together, and cut gears 
are to be preferred. In the best machines, a pressure 
gauge, with index and dial, is fitted, which enables the 
sawyer to regulate his pressure as circumstances require. 
The rolls should be readily reversible in either direction, 
and be adjustable to any point of the saw. 

Movable shears can be fitted to a saw stretcher with 
advantage, and will be found very useful in cutting away 
broken teeth or edge cracks in the blade ; in this case 
an adjustable width gauge should also be fitted. Great 
care should be taken by a sawyer in applying the rolls in 
tensioning a saw or in removing tight or loose places, 
as, should excessive pressure be used, rt may dish the 



THE TOOL-ROOM IN THE' SAW-MILL. 


329 


blade, and necessitate the use 0 ! the cross-faced hammer 
and level to remove it. Care should also be taken that 
the saw is passed through the rolls in a perfectly straight 
line. In going over a saw, carefully mark all the defects, 
and apply the pressure on the rolls according to their 
nature, using no more pressure than is necessary to 
remove them. Never let a saw get into a bad condition, 
but examine it and the work frequently for defects. If 
a saw is properly tensioned and kept in first-class condi- 
tion, one of a thinner gauge can be used successfully. 
To enable the saw to run true on the wheels and 
without lateral •motion, the tension on the blade must 
be uniform througlymt its entire length, and the amount 
must be regulated by the nature of the w r ood, the rate of 
feed, thfe gauge and width . of saw, and whether the saw 
wheels are flat or crowned. It will be found of great 
service in securing uniformity of tension to have gauges 
made and crowned to the amount of tension required for 
various saws. 

Space and “ Hook ” of Log Band Saws. 

As regards the space of teeth, no arbitrary rules can 
be made, as it should be varied according to the nature 
of the wood, rate of feed, and speed of the blade. Speaking 
generally, with a blade speed of, say, 7,000 ft. per minute, 
for soft and medium woods, a space of about in. is 
usually suitablo, whilst for hard woods more and shorter 
teeth with less blade speed are required. It should be 
borne in mind that the wider the spacing of the teeth the 
less the output unless the blade speed be increased in 
proportion. 

The amount of “ hook” on band saw teeth should be 
regulated by the nature of the wood, but the writer is in 
favour of giving them as much hook as they will stand 
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and do good work, as saws run with little or no hook are 
scraping not cutting. The more the hook the greater 
the cutting power of the saw, but if too much be given 
an accident may arise to the blade from the hook drawing 
and tearing into the wood and feeding it too quickly. 
Soft and stringy woods require more hook than hard. 

To carry much hook the back of the tooth must be 
stiff and well support the front or the saw will chatter in 
the cut and run out of truth. The hook may be anything up 
to 45 or 50 degrees, but there is no rule to suit all cases. 

Setting Log Band Saw% 

A considerable difference of opinjon exists as to the 
merits of spring or swage setting for log baud saws. 
They both have their advantages and disadvantages. 
Speaking generally, where very rapid sawing is the chief 
consideration, swage setting can be recommended, as it 
stands up better to its work; but where very smooth 
cutting is required, spring set teeth usually give the best 
results. Space prevents me going into the subject at 
length, but I would say that mechanical setting should 
in all cases be resorted to for successful and economical 
working, as absolute uniformity is imperatively necessary. 

If this is not secured the work turned out is of inferior 
quality, and the wood and power are wasted. It should 
also be remembered that setting does not increase the 
cutting power of the saw, as a saw will cut faster with 
little or no set, provided the shape of the teeth and the 
nature of the wood will allow it to pa^s through without 
binding. The amount of set required, therefore, should 
be carefully judged by the sawyer, and no more set be 
employed than is absolutely necessary. 

Briefly, swage and spring set each has advantages and 
disadvantages, but supposing the teeth are properly and 
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equally swaged, taper side dressed and correctly shaped, 
there is no doubt that swage-set teeth will stand a con- 
siderably quicker feed than spring set. On the other 
hand, it is claimed for spring setting that it requires much 
less skill to do it properly, and that it will cut smoother 
and consume less power than swage set ; but the output 
is less. In swage setting a machine swage and side 
dresser is practically indispensable to secure uniform 
results. I 11 swaging machines the dies usually operate 
on the points of the teeth, and spread them by direct 
pressure to one exact gauge ; but sometimes the die itself 
is arranged to roU towards the points of the teeth. In 
setting the dies it is important that they be nicely regu- 
lated so as to give the exact amount of set required by 
the nature of the wood and no more, as, of course, the 
greater the amount of set the greater the pow T er used and 
wood wasted. In swaging the tooth it should be borne 
in mind that the face and corner of the tooth do the 
cutting and that the corner of the tooth should taper 
back from the point. Teeth are sometimes swaged from 
the back, but face swaging is preferred by many American 
saw millers, whilst others incline to swaging the teeth 
from the top, as it is claimed for this plan that the friction 
and heat of running are thus considerably reduced. 

SrnKD of Saw Blades. 

The speed of the saw blade should be regulated by the 
diameter of the saw wheel, the nature of the wood, and 
the rate of feed. A very general speed in England for 
ordinary work with 5-ft. saw wheels is 7,000 ft. per 
minute, and as the wheels increase in diameter this can 
be increased up to say 10,000 ft. per minute, but beyond 
this speed the write*’ has failed to find any advantage, but 
rather the reverse, as the saws, being more given to heat, 
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lose their tension and fracture, and any advantage 
supposed to arise from the increased speed is more than 
nullified. For sawing very hard woods, such as Quebracho, 
or the hard Borneo, Indian, or Australian woods, a speed 
of 6,000 ft. per minute will usually be found quite 
sufficient. 

Brazing Log Band Saws. 

The braze should in all cases be made at the back of 
the tooth and not in the gullet, as it is less liable to crack. 
The ends of the blade should be ground on a lap grinder 
to a dead square, and from \ in. to ;? in. lap should be 
ground to a knife edge on the inside and outside of the 
blade. Then place the saw in the' brazing frame, and see 
that the back and ends are absolutely parallel, and braze 
in the usual way. Clean off the braze and see that it is 
of absolutely the same thickness, bevel and tension as the 
rest of the blade. 

Sharpening Narrow Band Saws. 

In sharpening narrow band saws automatically, files 
have to be substituted for emery wheels, and are certainly 
to be preferred to hand work, as each tooth is sharpened 
and topped exactly alike, and when properly and equally 
set will perform its fair share of work. Files have the 
advantage of emery wheels for sharpening purposes, as 
they have less liability to fire the steel and alter its 
temper. 

In the best automatic filing machines the ordinary 
hand saw filing movement is imitated, the file on its 
backward stroke being made to rise clear of tho teeth as 
the saw is fed forward, and to descend on to the saw as 
the file commences its forward stroke, the pressure of the 
file on the teeth being regulated by a* spring. The saw 
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blade is fed forward past the file by a pawl — arranged 
with a variable stroke — which drops into the teeth. 

A setting arrangement can be combined in the same 
machine with advantage. A very good plan is to set two 
teeth at once ; this can be done by means of two steel 
hammers — one on each side of the blade — arranged to 
strike the teeth at the same time and with the same force, 
thus setting them exactly alike on each side. Arrange- 
ments should be made to increase or diminish the force 
of the blow given by the hammers, so as to secure any 
desired set. If saws aro set by hand a good mechanical 
saw set, fitted with an adjustable gauge, should in all cases 
be used ; hand setting by rule of thumb is a stupid and 
wasteful plan, producfng rough work and rapidly wearing 
out the teeth which happen to be over-set. Band saw 
teeth should be set at about one-third of their depth, and 
never to the roots of the teeth, as this distorts the blade 
and is a fruitful cause of cracks, and a rounded cornei 
should in all cases be kept at the bottom of the gullet. 

Some Reasons for Band Saws Breaking or doing 
Bad Work. 

I give the following as some of the chief reasons, 
which may apply to either power or hand-feed machines ; 
but practical readers will doubtless be readily able to 
add to their number 

1. Excessive vibration arising from poorly designed 
or constructed machines, or faulty foundations. 

2. Bad saws. 

8. Saws of too thick a gauge for the diameter of the 
wheels. 

4. Want of sufficiently elastic straining tension in 
mounting the saw wheels. 
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5. Too great, too little, or sudden straining tension, or 
the surface of the wheels worn or out of order. 

6. In overcoming the inertia of starting the top or 
non-driven saw wheels, or from the top wheel over- 
running the bottom wheel and saw. 

7. From the expansion of working and the omission to 
slacken the saw blade as it contracts after finishing work. 

8. From lumps on the saw or wheels, or from imperfect 
brazing and the joint being thicker than the other part 
of the blade. 

9. From chips dropping between the blade and the 
bottom saw wheel, or from an accumulation of dirt or 
gum. 

10. Insufficient or improper adjustment of the guides 
for the saw as it enters or leaves the cut. * 

11. Improperly shaped teeth or wrong width of blade 
for the wood or work to be done. 

12. Improper gauge or uneven sharpening and setting. 
Insufficient set will cause the blade to heat, run wavy, 
and set up cracks. Cracks will also be caused by too 
much set. 

13. Insufficient gullet space, allowing the sawdust to 
chamber and bind the blade. Rounded gullets are less 
liable to crack than angular ones. 

14. Saw teeth burnt in sharpening by forcing the 
emery wheels. 

15. Insufficient or too much strain on the blade by the 
counterweight. 

16. Irregular roller or hammer tension in the body of 
the blade, leaving tight or slack spots. 

17. Too much tension in saw teeth, or too long a back. 
Hammer tension applied too heavily. 

18. Saw blades or guides out of line with travelling 
carriage or feed rollers. 
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19. Irregular wear on the lower saw wheel bearings 
from the pull of the belt or slack top bearings. 

20. The use of the cross line throwing tho blade in a 
twist and causing it to rub harder against one guide than 
the other, thus crystallising the steel. 

21. Allowing the blade to get convex on the tooth 
edge. 

22. Forcing the feed, using dull saws, too much 
“book,” too slim teeth, etc. 

23. Improper speed. 

24. An inefficient operator. 

Grinding Planing and Moulding Irons. 

All up-to-date nulls now employ somo automatic 
system ol grinding plane irons. The chief systems are 
grinding by the edge of cup emery wheels of small 
diameter, or by the periphery of wheels of larger diameter. 
A third system is also used to a limited extent, viz., by 
grinding with the periphery of the wheel longitudinally 
instead of across the face of the cutter. 

The important points to be aimed at in any system of 
grinding are the removal of the minimum amount of 
metal necessary to obtain a true cutting edge without 
heating it, and so, by leaving tho steel in its original 
temper, it will stand to its work a considerably longer 
time without re-sharpening. 

By far the most general plan in use at the present 
time is that of the hollow or cup-shaped emery wheel, 
which produces a flat bevel on the iron, and on the 
whole answers fairly well ; but as the small particles of 
steel are removed they are, owing to the pressure, 
embedded to a greater or less extent in the porous face 
of the emery wheel, thus reducing its cutting action and 
increasing the difficulty of keeping it in good cutting 
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condition ; and if undue pressure is used the cutter is 
"burnt.” 

The method of grinding the face of the iron transversely 
with the periphery of the wheel has its good points, as it 
makes the cutting face of the iron slightly hollow if the 
emery wheel is of sufficiently large diameter, and this 
reduces considerably the time occupied in whetting up 
the irons — a matter of some importance where a number 
of planing machines are employed. A great drawback, 
however, to this method of sharpening arises from the 
fact that, as the diameter of the emery wheel decreases 
by wear, the hollowness produced on the face of the iron 
is increased to such an extent that insufficient steel is 
left at the back of the cutting edge ti> support it properly 
and carry away the heat generated when working. 
Consequently this method of grinding can only be 
pronounced a good one so long as the emery wheel used 
is of large diameter. 

The method of grinding by the periphery of the emery 
wheel acting on the iron longitudinally, instead of 
across its face, was introduced many years ago, and, in 
my opinion, it is a good one, and a number of machines 
were made on this system, which to the writer’s know- 
ledge turned out most excellent work. 

Bound Cuttkr Blocks and Thin Steel Cutters. 

These have been largely introduced of late, and have 
proved themselves of much value, particularly in the case 
of hand-feed planing and surfacing machines, as they 
are safer than the square blocks, and as an even pressure 
can be put on the knives close up to the cutting edge, a 
much better finish can be secured, especially when a 
back iron is fitted. Thin steel cutters are cheaper than 
the ordinary, and when properly managed are more 
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easily sharpened and balanced. Having less air resist- 
ance, they also require less power to drive, and although 
especially useful for finishing work, they can be made to 
take heavy cuts if required. It need hardly be said 
that the steel for these thin cutters should be of the 
highest possible quality, and be very carefully machine 
sharpened. 

Whetting Plane Irons on Blocks. 

A very useful apparatus has recently been introduced 
to replace the old method of whetting by hand-rubbing 
stones the irons of surface planing machines, etc., which 
are often left untrue. 

By the use of thfe machine it is claimed that as the 
sharpening stone is arranged to travel from end to end 
of the cutter on parallel bars, the face of the cutter is 
whetted dead true. 

The sharpening machine is operated by a hand wheel 
attached to a vertical spindle which carries a quick- 
cutting sharpening stone at its lower end and slides on 
two steel rods, which can be adjusted parallel with the 
knife edge whether arranged on the skew or otherwise. 
The apparatus can be readily adjusted or removed, and 
can be used on * several machines. 

Marks on Planed Boards or Mouldings. 

The best way to judge of the working condition of the 
machine and cutting tools is, of course, by the quality 
and quantity of the output. Defects and marks on the 
wood may arise from a great variety of causes, such as — 

1. Frame of machine not strong enough to take up 
the vibration in working. 

2. Bearings not fitting the spindles close enough or 
being loose in their beds. 
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8. Irregularity in the driving or feed of the machine. 

4. Worn feed rollers or table of machine, or feed not 
square or true. 

5. Excessive feed pressure on wood. 

6. An accumulation of knots or gum on feed rollers. 

7. Insufficient or loose pressure pads or rollers for 
holding the wood down firmly when under the operation * 
of the cutters. 

8. Cutter spindles of too small diameter or cutlers not 
properly balanced. 

9. Cutter blocks not fitting dead true nor exactly 
parallel with the spindles. 

10. Cutters badly sharpened, dull, or at any improper 
angle for the wood being worked. 

11. Badly jointed belts. 

12. Improper speed. 

13. Markings on mouldings may be caused by any of 
the above or from the profiles of the cutters not exactly 
matching. 

14. The bottom feed rollers too high, causing nipping 
of the wood. 

15. Shavings, chips, or dirt wedged between the 
cutters and the block, etc. 

Sharpening Chain Mortising Machine Cutters. 

For sharpening chain mortising machine cutters a 
special small grinding apparatus is used. It consists 
briefly of an emery wheel mounted horizontally in a stand 
and running at some 5,000 revolutions per minute. The 
cutter chain to be sharpened is mounted on a spool 
placed beneath the emery wheel, and can be adjusted 
vertically to enable the emery wheel to pass across the 
throat of the cutter. 

The face angles of the cutters should be ground to 
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65 degrees for soft wood, and 70 degrees for hard. Although 
the former angle will give equally good cutting for both, 
it does not* stand up so well for hard wood as the 70 degrees, 
and requires more re-sharpening. 

As a rule, the angle of the back of the cutter should not 
be interfered with unless overheating from this cause is 
evident, when it can be slightly reduced. 

Extreme care should be taken to grind all teeth equally, 
and to grind them a small amount frequently. Dull chains 
are responsible for the majority of breakages. 

Between grindings the Chains can be touched up with an 
oilstone slip, but on no account be tempted to use this 
on any other place than the face of the links. The radius 
of the gullet varies hi different makes and sizes, and care 
should be taken to use an abrasive wheel having a shape 
similar to that of the chain in use. 
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CHAPTER XXXIV. 

ORDERING MACHINERY, SAWS, ETC. 

In ordering or obtaining quotations for machinery be 
as explicit as possible. (1.) State the exact range o.f 
work you wish to perform, and the amount of it. (2.) 
If you know the type anti size of the machine that will 
suit your requirements, state them. (3.) If there is any 
thing special in the nature of the r/ood to be worked 
state it, or send a sample. (4.) State how your machinery 
is driven, whether from above or below, and give speed 
of shafting from which you propose to drive. (5.) Should 
there be any difficulty as regards foundation from water 
or other causes, name it. (6.) In the case of renewals or 
repairs, send the old parts, if possible : if not, an exact 
sketch of what is required. 

Ordering Saws . 

In ordering circular saws, the following particulars 
should be sent to the manufacturer : — 

(1) . Diameter of saw. 

(2) . Gauge of saw and shape of teeth, or state kind of wood it is in* 

tended to cut, whether hard, soft, or medium. 

(3) . Size of spindle and pin-hole, and distance from centre to centre. 

(4) . If taper or ground-oif saws are ordered, state variations in gauges 

(5) . Space or number of teeth required in each saw. 

(6) . Rate of feed. 

Frame or Mill Web Saws • 

(1) . Give length of blade over all. 

(2) . Give width from back of saw to point* oi teeth . 
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(3) . Give thickness by Birmingham wire gauge. 

(4) . If desired to be ground taper, say the amount or the variation ih 

gayges at the front and back of saw. 

(5) . State if for hard or soft wood, or send sketch of the saw teeth, 

and number required per 6 in. 

(6) . Say if saws are to be buckled ; if so, give length of swing-frame 

or saw-gate over all, and the width of the cross-bars of Bame. 

(7) . Give highest rate of feed per minute. 

Band Saws . 

(1) . Give length, width, and gauge (B.W.G.) * 

(2) . Give number of teqjh to the inch, and whether for hard or soft 

wood. 

(3) . Give whether they arc to be brazed, set and sharpened, or other- 

wise. 

(4) . Give size of saw wheels and speed of saw in feet, per minute. 

Fret or Jigger Saws. 

(1) . Give length of saw from centre tb centre of pin-holes. 

(2) . Give width and gauge of saw and number of tecth-points to the 

inch, or say whether for hard or soft wood. 

Plane Irons . 

(1) . Give length, width, and thickness of iron. 

(2) . Send template or Bketch showing length, width, and position of 

slots for bolts. 

(3) . Give bevel you wish the irons ground to, or say whether to work 

hard or soft wood. 

Moulding Irons . 

(1) . Give sketch, or send template or section of moulding required. 

(2) . Give position of slots, size of block. 

(3) . State whether hard or soft wood is to be worked. 

(4) . If for irregular moulding and shaping machines state type of 

iron required, and how irons are held in position. 

Mortise Chisels. 

(1) . State type of chisel required, and for what purpose. 

(2) . Send template or exact sketch of socket. 

(3) . Give widths of chisels and the lengths required, from socket. 

( 4 ) . With rotary machines give exact sketch, or send pattern of cutter 

with Bize of socket. 
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Boring Augers. 

(1) . State type and size of augers, and for wliat purpose tnoy are re- 

quired. 

(2) . Send template or exact sketch of socket and length of augers* 

from socket. 

Emery Discs or Wheels. 

CD Give diameter and thickness of disc, and if rounded or bevelled f 
on the edge, give exact profile. Say for what purpose they are 
required. 

Birmingham Wire Gauge. 

Our illustration (fig. 61 ) shows the Birmingham Wire, 
now almost universally emplo} r ed for giving the exact 
thicknesses of saws. 



fig. 61. 

The annexed table shows the numbers by which the 
several sizes of wires are distinguished according to the 
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u Birmingham Wire Gauge,** and the diameters of 
each in decimals of an inch and in millimetres (Holt- 
zapffel). 


Nob. of the Wires 
according to Bir- 
mingham Wire 
Gauge. 

Diameters of Wires in 

Declmala of Eng. 
inch. 

Millimetres. 

0000 

■454 

11-53 

000 

•425 

10*79 

00 

*380 

9-65 

0 

•340 

8-63 

1 

■ -300 

7-62 

2 

•284 

7-21 

3 

•259 

6-58 

•4 

■238 

6-04 

6 

■220 

6-50 

6 • 

•203 

5-16 

. 7 

•180 

4*67 

8 

•1 G 5 

419 

9 

•148 

3*76 

10 

•134 

3-40 

11 

■120 

3-05 

12 

•109 

2*77 

13 

•095 

244 

14 

•083 

211 

15 

•072 

1-83 

16 

•065 

1-65 

17 

•058 

1-47 

18 

■049 

1*24 

19 

•042 

1*06 

20 

•035 

0*89 

21 

•032 

0*81 

22 

*028 

0-71 

23 

■025 

0*63 

24 

•022 

0*56 

25 

•020 

0*51 

26 

•018 

0-46 

27 

•016 

0*41 

28 

•014 

0*35 

29 

•013 

0'33 

30 

•012 

030 

31 

•010 

0-25 

32 

•009 

0*23 

33 

•008 

0*20 

34 

•007 

018 

35 

•005 

013 

36 

•004 

o-io 
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Birmingham Wire Gauge, in Carpenter's Measure* 


Gauge No. 4 

.... 

l in. scant. 


*« 

5 

. • . • 


»» 

ft 

<; 

.... 

II. full. 

»? 

It 

7 


f 0 in. scant. 

tl 

It 

8 


& in - 

»« 

•1 

9 


s * in. scant. 

tf 

V 

10 


Jin. full. 

II 

1' 

11 

• . . • 

Jin. 

If 

If 

12 


Jin. scant. 

It 

fl 

13 

■ . . • 

& in - 


Buying Secondhand Machinerif. 

As a rule our advice as to buying second-hand 
machinery is — don’t. Hut if you wilf do so, go to the 
expense of having it carefully examined tm by one who 
knows/* before the purchase is concluded, or you may 
have to pay nearly as much to have it overhauled, and 
put into proper working order, as the difference in cost 
between second-hand and new. This advice is parti- 
cularly necessary with complex machines. We will 
illustrate our meaning by a case, which recently came 
before us. A saw-mill owner purchased at a sale a 
steam mortising and boring machine in good order, as it 
appeared to him. As far as design went the machine 
was fairly presentable; but it was of the so-called 
“cheap” make, and when it was set to work, it was 
found that the mortising chisel and boring bit were out 
of line. This necessitated the re-boring of the bearings, 
and as several other parts were out of truth, our 
friend altogether found himself in possession of a dear 
“ bargain,” which could never be made a thoroughly 
serviceable and satisfactory tool. Do not purchase old 
out-of-date machines, because they can be had cheap, as 
it never pays, the quantity and quality of the output 
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being less, and the machine as a rule constantly need- 
ing repairs. In examining a second-hand machine, look 
first to the main framing, and see that it is substantial — 
if possible, cast in one piece, and not bolted together in 
sections — and massive enough to overcome any vibration 
in working. Examine the bearings and bushes : see if 
they are substantial, and not worn thin. Examine the 
various slides, &c., and see that they are true, and do 
not require lining up. A purchaser should also be guided 
by the name of the maker of the machine. 
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CHAPTER XXXV. 


BCLES AS TO MEASUREMENT OP TIMBER, ETC. 


The usual formula for calculating the cubic contents 
of round timber in England is the following 

1. Custom House Calliper Measure.— The diameter (in indies) squared, 
multiplied by the length of the log (in feet; divided by 183. The 
quotient is the cubic contents. 

2. String Measure.— One quarter of the circumference of 11, c log (in 
inches) squared, multiplied by the length of the log (in feet), divided by 
113. The quotient is the cubic contents. 

The erroneous way of calculating for string measure is when 144 is 
made the divisor. 


Deals. 

To ascertain the price of deals when the price per 
hundred is known 

Jlule .— Multiply the number of pounds by twopence, or double it, 
which will give the number of pence each deal is worth. 

Example .— If deals be per 120, £30, it stands 30 x 2 = GOd. or 5s. 
per deal, and vice versd— 


If the price per deal be known, to ascertain the value 
per hundred. 

Rule .— Reduce the value of the deal into pence and divide by two, 
will give the value in pounds per hundred. 

Example.— li the price of a deal be 6r. or 60<f. it will Btand GO 2 
s 30, or £30- 



RULES AS TO MEASUREMENT' OF TIMBER. 347 
Short Method » for reduction of Price. 

To find the value of 12' x 9" X 3" at a rate per 
hundred, 120.12 9 3. 

Double the number of £, and make pence of same. 

Example 1 . — Deals @ £12 


24=25. per deal 12 x 9 x 3 . 


To find the Value per hundred, at a rate per deal. 

Halve the number of pence, and make £ of same. 

Example 1.— 12' 9" 3" @-2*. M. = 32 d. 

half = £10 per std. hundred, London. 

Example 2.— 12' 9" 3 #/ @ 2s. = 30W. 

• half = 15 J = £15 5s. per hundred, London. 

To find the valve per running foot of 9" X 3" at a 
rate per hundred, London. 

* Divide the £ by 6, and make pence. 

Example. — @ 6 )£16 Qg . 0 d. 

2 1 per running foot. 

Sawing is usually charged at per 100 square feet, but 
deals are sometimes charged at so much per dozen cuts, 
and according to their length. 

To find the square side of unequal-sided timber : — 

Rule. — Multiply the two unequal sides together, and the square root of 
the product wiU be the answer. 

Lathwood. 

To reduce a specification of lathwood to the number of 
fathoms of any particular length : — 

Example . — How many fathoms of 4 ft. in length are there in the 
following l 

, 4 fathoms, 8 ft. 

• 5 ,, to „ 



29 
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Rule . — Multiply the number of fathoms by the length, and divide the 
total by the length of fathom required. Thus 

4 x 8 = 32. 

6 x t» = 30. 

4x5 = 20. 

4 x 18. 

5 x 4 = 20. 

7x3 = 21. 


4)111 

Answer: 35} fathoms <>f 4 feet. 

Another way, and advisable to use when there are 
fractional parts of fathoms to reckon, is to find the 
number of cubic feet in the specification, and divide it 
by the number of cubic feet in the length of fathom, in 
which the result is required. 

Prepared Flooring. 

To find the number of squares in a room. 

1 square = 100 superfieinl ft. 

Multiply the length by the breadth. 

Exn m pie 1. — Hoorn 20 x 15 
15 

3.00 = 3 squares. 

Flaned and jointed flooring is sold either by the “ leaf" 
or “ square. M 

Rule. — If sold by the square, multiply length of each leaf, in feet, by 
breadth in inches, and divide product by 12 : result will be number of 
superficial feet in each loaf. The number of such leaves required for 
square is easily obtained by dividing into 100. 

Or, multiply the number of square feet by 12, and divide by “length 
of board, multiplied by breadth.” 

Hoofing Measurements . 

Method of finding Number of Squares in Roof. 

Given the length and breadth of building, to find nuim 
ber of squares for raftering. 
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Length of house, 40 ft. in clear, or including 2 walls of IS" thicl 
= 43 ft. ; breadth, 18 ft. in clear, or including 2 walls of 18" thick 
= 21 ft. out to out. 

The two-thtrdsof breadth, 18 # , will give length of rafter; therefore, 
rafter as 12 ft. 

Each side of roof will be 40' x 12' = 480 
40 x 12 = 480 

9.00 


Or 9J square nearly for raftering. 

Method of finding the Number of Superficial Feet in Greenhouse 
(“ Lean-to’' or Single lloof). 

Multiply the length of house by height of front sashes, including sole 
and wall-plate. 

Multiply the breaith of house by four times the height of front sashes, 
including wall and sole-plate. 

Multiply lergth of hoftse x length of rafter. 

Add above, and jesult will be number of supcrlicial feet in greenhouse. 

* 

Method of finding Number of Superficial Feet in Greenhouse 
(Double or Single ltoof). 

Multiply length of house by twice the height of front sashes, including 
wall and sole plate 

Multiply breadth of house by four times the height of front sashes, 
including wall and sole-plate. 

Multiply length of house by twice the length of single rafter. 

Add above, and result will be number of superficial feet in greenhouse. 


Value of the different Standards {Fed die). 

1 Deal, or Batten, 11 ft. 9 in. x 1J in. = a Christiania Standard. 
10 w Superficial of 1 inch ....=- „ 

,, ii U »' • • — »• 

120 Deals or Battens, 11 ft. 9 in. x 1J in. = l( Hundred. 

60 „ „ lfi ft. 11 in. x 1 1 .. = „ „ 

1320 Running feet 9 „ x 1J in. = * „ 

900 , ., 11 ii H « i* 'i 

1237J Superficial feet of 1 „ . = „ 

990 „ „ U „ • = 

103J Cubic feet = „ 

A Christiania Standard iB = ^ of a Drammen Standard, 
it = 1 Petersburg „ 

•t Quebec „ 
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an in Standard. 


To convert a Christiania into a Drammcn Standard 11 13. 

„ „ „ Petersburg „ 5 -f. 8. 

„ „ Quebec „ 3 -j- 8. 

1 Deal or Batten, 9 ft. 6J in. x 2J in. — a Dram men Standard. 
12jj, Superficial feet of 1 in. . . - „ „ 

9j ,, n H v • ■ • ” tt tt 

120 Deals or Battens, 9 ft. fij in. x 2^ in. . Hundred. 

120 „ ,i Id „ 9 „ x 1J „ = , „ 

60 ,, „ 18 ,, 6^ „ x 2J ,, — ,, t t 

1560 Banning feet 9„ x 1| in. . = „ „ 

1080 „ „ »» x -4 »» • := tt rt 

14G2J Superficial feet of 1 in. . =- „ 

1170 „ „ U » • ■ • - 

1 21 1 Cubic feet = „ „ 

A Drammen Standard is = If, of a Christiania Standard. 

„ = R .. l’elersburg 

„ = E .. Q utbcc 

To convert a Drammen into a Christiania Standard x 13-^11. 

„ „ Petersburg „ x 65 -f. 88. 

„ „ Quebec .. x 30 4- 88. 

1 Deal or Batten, 12 ft. 11 x 1£ = Petersburg Standard. 

16 J Superficial feet of 1 inch ~ „ „ 

11 v »? 1 i », » t, 

120 Deals or Battens, 12 ft. 11 x H = „ Hundred. 

60 „ t, 12 ,, 11 x 3 = „ „ 

1440 Running feet, 11 x 1J = „ „ 

720 „ 11x3 

1980 Superficial feet of 1 inch = „ „ 

660 „ „ 3 „ = >» w 

165 Cubic feet = ,» tt 

A Petersburg Standard is = lg of a Christiania Standard. 

„ „ = t, Drammen „ 

„ „ = l t, Quebec 

To convert a Petersburg into a Christiania Standard x 8-^5. 

„ „ „ Drammen „ x 88 -f- 65. 

„ „ „ Quebec „ x 3 -f- 5. 

1 Deal or Batten, 12 ft. 11 x SH = Quebec Standard. 

27J Superficial feet of 1 inch . — „ 

9j tt »• d „ • ■ ~ •• » 

100 Deals or Battens, 12 ft. 11 x 2J = „ /Jundred. 

100 ,y ,, 11 ,t 11 X d = tt t» 

1000 Running feet of 11 x 3 . = „ 

2750 Superficial feet of 1 inch . . „ 

91 GJ „ it 8 — tt t« 


Hundred. 


/Jundred. 
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33()0 Superficial foot of ] inch . — Quebec long Hundred. 

120 Deals or Battens, 10 ft. 11 x 3 - ,, „ 

A Quebec Standard = 2? of a Christiania Standard. 

= 2 1 ,!) Dramincn 
— Ig .. Petersburg 

To convert a Quebec into a Christiania Standard x K 4- 3. 

.. .. Dramrneii .. > SS 4 - H5f. 

Petersburg .. < -f- 3. 

Measurement of Standi n<i Timber. 

The theory of the plan we give here is founded on the 
first eight propositions of the sixth book of “ Euclid,” 



Kies. 62. 

and an accuracy is claimed for it superior to the sj’stenis 
ord iiiarily cm ployed. 

To ascertain height ol‘ tree : — Having procured a strip 
of wood (A B) fig. 62, or other material, of any convenient 
length, say 6 in., and having attached it to a string (C D) 
three times the length of the strip, capable of sliding up 
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and down it, the observer must place himself at such 
distance from the tree, that the top and bottom of tree 
and strip — viz., the points D A E, 1) B F, aie each in 
line ; then the height of the tree in feet will be equal to 
the observers distance, in yards, from its base. The 
string must be kept parallel to the ground, and of course 
tight, its extremity (1)) being held close to the eye, and 
the strip held in a vertical position, or rather parallel to 
the tree. 


Measurement of Standing Timber . 

The following is another plan : — Take an upright 
stick, about 6 feet long, with a cross piece at the top 


Ground lne. 

Measuring Stick. 

FIG. 63 . 

set at an angle of 27° (see fig. G3), so that the distance 
from the base of the stick to the point A on the ground, 
where the line from the upper edge of the cross-piece 
meets the ground, shall be twice the height of the stick, 
C B. To use it, walk away from the ^tree, holding* the 
stick upright until the top of the tree is in a line with 
the upper edge of the cross-piece ; then look down the 
cross-piece for the point A on the ground, and the 
height of the tree is half the distance from A to the root 
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of the tree. Or the cross may move on a joint, and the 
stick be fixed upright in the ground, and the cross-piece 
be moved, until the upper edge be in a line with the top 
of the tree ; then as A B is to B C, so is the distance 
from A to the tree to the height of the tree ; but tlu 
fixed one is the least trouble in practice. 

After considerable practice, munv men will guess the 
quantity of timber iu a tree with toierauie accuracy. 


A A 
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CHAPTER XXXVI. 

TIMBER TRADE MISCELLANEA, TABLES, ETC. 

Boards when 7 in. broad are called battens. 

„ 9 in. „ „ deals. 

„ 11 in. „ „ planks. 

A Christiania standard is live-eighths of a, Petersburg standard, or 
103£ cubic feet. 

A Dram standard contains 121 1 cubic foct. or abouu three-fomths of a 
Petersburg standard. 

A batten standard is 120 pieces of 12 ft. long, 2J in. by GJ in., containing 
14G2 running feet to the Petersburg standard. 

A Petersburg standard hundred is 120 pieces of 1 J in. by 11 in. by 12 ft. 
long, or GO pieces 12 ft. long of II in. by 12 in., and contains 1440 running 
feet, or 19G0 superficial feet of 1 in. boards, or 1G5 cubic feet. 

An Irish standard is 120 x 12 ft., 3 x 9 in., and contains 270 cubic 
feet. 

A London standaid is 120 x 12 ft., 3x9 in. deals. 

A Swedish standard deal is 14 ft , 3 x 10 in. 

A Norwegian standard deal is 12 ft., 3 x 9 in. 

A fathom is G ft. cube, or 21G cubic ft., so that a Rally 12 ft. long and 
6 ft. broad, and laden 3 ft. high, contains a fathom. Estimated weight, 
3J tons. 

A cord of wood measures 8 ft. x 4 ft. x 4 ft., and contains 128 
cubic ft. 

A stack of wood measures 12 ft- x 3 ft. x ft., and contains 108 
cubic ft., being just half a fathom. 

Fir timber is carried at 50 cubic ft. to a ton. 

Hardwood is cariicd at 40 cubic ft. to a ton. > 

Lathwood is generally stacked in fat horns of 21 G cubic ft., and otherwise 
in piles measuring G ft. x G ft. x 8 ft., containing 288 cubic ft. 

1000 running ft. of 3 x 11 iri. deals is a Quebec stau iard hundred. 

112 ft. 2J in. x 11 in. deal, or 110 ft. 3 x 11 in. deal is a Quebec 
standard deal. 
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For rough calculation, a square of 1 in, flooring boards may be 
reckoned at ^th of a standard, so that at 10.?. per square, a standard may 
be computed at £10, which is only l°/ # more than the true value. 

In ordering flooring boards, allowance of £ in. should be made on each 
board for loss in breadth through grooving, tonguing, and waste. 

600 square feet 1 in. boards equals 1 load of 60 cubic feet, 

400 »» la I 11 * ti » >» ,i 

300 „ 2 in. ,, „ „ „ 

200 w 3 in. deals , „ „ 

ISO .» 4 in. „ „ „ 

218 running feet 3 x 11 deals ,, „ 

267 „ 3 x 9 „ 

343 „ 3 x 7 ‘ 


A. stock comprises 1 x 3 in. deal, with 2 cuts making 3x1 in. boards. 



•» 


3 CULS „ 

> 4 x 

1 in. 

»» 

„ 

„ 

4 cuts „ 

, .1 X 

i in. 

II 

• 

» 

5 cuts , 

, r> x 

J in. 

» 

• »» 

If 

6 cuts , 

r 7 x 

i in. 


square of flooring boards : — 

H x 7 weighs about 3£ cwt. 
1] X 7 „ n n 

1x7 „ 2j „ 

3x7 .. n .. 


A bundle of rock laths 20 x 1 in. square — 

1 x 3 x 11 in. deal with 2 cuts and 9 rips makes 30 laths. 

1 x 3 x 9 in. „ 2 cuts and 7 rips makes 24 laths. 

1 x 3 x 7 in. „ 2 cuts and 5 rips makes 18 laths. 

A bundle of plaster laths contains 360 running feet, and will cover 
3& square yards. 


Laihwood. 


108 Cubic feet 
126 


1 Fathom 3 feet. 


A A 2 
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Latht. 




180 Plaster Laths 



1 Bundle 2* feet. 

uo „ 



1 

»» 

2* „ 

120 



1 

>» 

3 ,, 

100 



1 

*> 

3* „ 

90 



1 

»» 

4 „ 

80 



1 

** 

H „ 

72 



1 

■■ 

5 .. 

The following materials 

upon an 

average 

will weigh 

1 ton. 










cubic feet. 

■Ash a • • • 


• • 


from 

37 to 45 

Baltic Fir 

. 



it 

50 „ 60 

Beech . , . 


• • 


1 »» 

42 „ 50 

Deals , . . 

, 

• • • 


it 

66 „ 05 

Elm .... 


> . 


»i 

53 00 

Ebony 

. 



1 1 

27 30 

Lime .... 


, 


it 

66 ,, 59 

Maple 





46 48 

Mahogany . 





34 36 

Oak . 





32 „ 39 

Oak, seasoned 





32 „ 48 

Pine 





55 „ 00 

Scotch Fir . 





CO „ 65 

Walnut . 

• 

. 

- • 

it 

50 „ 53 

100 feet superficial is 1 square. 






12 — 12-feet boards, 9 inches wide, laid rough 

. 

. 

. = 1 square- 

12J — 12 „ 9 „ 

if 

edge-shot 

. 

. 

. = i „ 

13-12 „ 9 „ 

11 

wrought and laid folding = 1 

14-1J „ 9 „ 

?} 

wrought and laid straij 

Sht 



joint 

. 

. 

. = 1 

(6—12-feet battens, 7 inches wide, laid rough 

. 

= 1 square. 

16J-12 h 7 „ 

it 

edge-shot 


= 1 

II 

17-12 ,, 7 „ 

» 

if laid folding 

= 1 

ft 

18—12 n ; 

»i 

straight- jointed 

s l 

» 

Miscellaneous Table 



A barrel bulk is 6 cubic feet. 






A ton of shipping is 42 cubic feet. 




A load of un hewed timber is 

40 cubic feet 




r . squared timber is £0 cubic feet. 






TIMBER TRADE MISCELLANEA. TABLES , w 

A load of 1 inch plank is 600 
„ 1} „ is 400 

t> *2 „ is 300 

» 2* * is 240 

ii S •) is 200 

„ 3} „ is 170 

M 4 .. is 150 

„ bricks is 500. 

„ tiles is 1,000. 

„ lime is 32 bushels. 

„ sand is 3G bushels. 

A hundred of deals is 120. 

A hundred of nails is 120. 

A thousand of nails is 1200. 

A ton of iron is 2240 pounds weight. 

A fodder of leadiis 19£ cwt. or 2184 pounds. 

A hundred of lead is 1 12 pounds. 

A stone of glass is 5 founds. 

A seam of glas^ is 24 stones. 

A square of flooring is 100 feet. 

A rood of building is 36 square yards. 

A palm is 3 inches. 

A hand is 4 inches. 

A span is 9 inches. 

A cubit is 1 J feet. 

A fathom is G feet, or 2 yard 
A military pace is 2£ feet. 

A geometrical pace is 5 feet. 

An ell English, is 1 \ yard, or 45 inches. 

An ell Scotch is 37'0o98 inches. 

A pole, perch, or rod, is 16J feet. 

A fen or woodland pole or rod is 18 feet. 

A forest pole is 21 feet. 

A square pole or rod is 272J square feet. 

A chain is 4 poles or rods, or 22 yards, and consists of 100 links, each 
of a yard, or 7*92 inches long. 

An English acre is 4840 square yards, or 10 square chains, or 100,000 
square links. 

A Scotch acre is 57GJ souare ells, or 6104*128 square yards. 

An Irish acre is 7840 bquare yards ; an Irish perch or pole, 7 yards. 

A yard of land is 30 acres. 

A hide of land is 100 acres. • 

A furlong is 40 poles. 

An English mile.is 1760 yards. 

A Scotch mile is 1576J yards. 
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An Irish mile is 2240 yards. 

A geographical or nautical mile is 2026$ yards. 

A league is 3 nautical miles. 

A degree is 60 nautical miles, or G9J English miles ncarh . 


Items about Wood, dec. 

Timber for Posts is rendered almost proof against rot by thorough 
seasoning, charring, and immersion in hot coal tar. 

Increase in Strength of biff event Woods by Seasoning. — White pine, 
9 per cent. ; elm, 12*3 per cent. ; oak, 2 >•(> per cent. ; ash, 41-7 percent. ; 
beech, 61*9 per cent. 

Comparative Itesilirnec of various Kinds of Timber. — Ash being 1, 
fir *4, elm '64, pitch pine *67, teak *69, oak *63, spruce *64, yellow pine 
*64, cedar *66, chestnut *73, larch *84, beech *80. I’»y usi lienee is meant 
the quality of springing back, or toughness. 

To Bend Wood. — Wood enclosed in a close chandler, and submit ted to 
the action of 6team for a limited time, will be rendered, so pliant tlnu it 
may be bent in almost any diicction. The same process roll also 
eliminate the sap from the wood and promote rapid seasoning. 

Fireproofing for Wood. — Alum, 3 parts ; green vitriol, 1 part ; make 
a strong hot solution with water; make another weak solution with 
green vitriol in which pipeclay has been mixed to the consistence of a 
paint. Apply two coats of the first dry, and then finish with one coat of 
the last. 

To Prevent Wood from Cradling. — Place the wood in a bath of fused 
paraffin heated to 212 deg. Fnlir., and allow it to remain as long as 
bubbles of air arc given oil. Then allow the paraffin to cool down to its 
point of congelation, and remove the wood and wipe oil the adhering 
wax. Wood treated in this way is not likely to crack. 

Comparative Value of Biff event Woods, showing their crushing 
strength and stillness: — Te.ik, 6,555 ; English oak, 4,074; ash, 3,671; 
elm, 3,408 ; beceli, 3,079 ; Quebec oak, 2,927 ; mahogany, 2,671 ; spruce, 
2,622 ; walnut, 2,37-1 ; yellow pine, 2,193 ; sycamore, 1,833 ; cedar, 700. 

Itelative Hardness of Woods.— Taking shell-baik hickory as the highest 
standard and calling that 100, other woods will compare with it for 
hardness as follows: — hkcll-hark hickory, 100; pig-nut hickory, 96; 
white oak, 84 ; white ash, 77 ; dogwood, 76 ; scrub oak, 73 ; frhitc 
hazel, 72 ; apple tree, 70; red oak, 69 ; white beech, 66 ; black walnut, 
66 ; black birch, 62 ; yellow oak, 60 ; •white elm, 68 ; hard maple, 66 ; 
red cedar, 66 ; wild cherry, 65 ; yellow pine, 64 ; chestnut, 62 ; yellow 
poplar, 61 ; butternut, 43 ; white birch, 43 ; whits pine 30. 

Tensile Strength of Different Kinds of Wood , showing the weight or 
power required to tear asunder one square inch Lance, 23,000 lbs. ; 
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locust, 25 P 0001V« • mahogany, 21,000 lbs. ; box, 20,000 lbs. ; oak, African, 

14.500 lbs. ; bay, l 4 500 lbs. ; tcsik, 14,000 lbs. ; cedar, 14,000 lbs. ; ash. 

14.000 lbs.^ oak, seasoned, 13,000 lbs. ; elm, 13,400 lbs. ; sycamore, 

13.000 lbs. ; willow, 13,000 lbs ; Christiania deal, 12,100 lbs. ; mahogany, 
Spanish, 12,000 lbs. ; pitch pine, 12,000 lbs. ; white pine, American, 
11,800 lbs.; white oak, 11,500 lbs.; lignum-vitie, 11,800 lbs.; beech, 

11.500 lbs. ; chestnut, sweet, 10,500 lbs. ; maple, 10,500 lbs. ; white spruce, 
10,290 lbs. ; oak, Engbsh, 10,000 lbs. ; pear, 9,809 lbn. ; larch, 9,500 lbs.; 
walnut, 7,800 lbs. ; poplar, 7,000 lbs.; cypress, rt,U0( lbs. 
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Fir (Scotch) . . l’.nus §\ h estria . . Ku’oy.c . . . Mod um hai dues*. The yellow deal used in Europe. 

Fir (silver) . . | Aides gramlis . . C lifoinia. 

Fustick . . . 1 MoiWtinrtoria . . N. and S. America . D\eing, mosaic-work, and turning. _ 

Greenheart . . Nectandia rodiaci . ! Guiana, Tiinulad . JI 1 . 1 aiid very durable. Shipbuilding, wharves, bridges. 

Gum (sour or black) Nj'ssa niultiflora . . 1 Eastern U. S. . . Hard, tough, white. Hubs. 
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I Lisnura ritae . . Gmacum sanctum . . S. Florida. . . H ml. dmk. Tinni-ry and ornament tl. 

Lime* . . . Tilia curopa*a . . . Fuiojie . . . ■ Cl' isu-gr 1 ained. Cai viug, hoops, turnery, etc. 

^baK-ixod 1 ’ } Tilia amcncana . . Ea*tun U.S. . , Soft, white, flexible. 

Locust . . . Hymemca ccurbaril . . AV. Indies . . j Hard. Timber for steam-engine frames, tree-nails, etc. 



SAW- MILLS. 


364 





WOODS AND THEIR USES. 


n e . 

m 3 © bo 
c rt a 

bij-3 oT^ 

list* 

2»s g 

3 6 „ 
PQ • 3 te 
^fn o 

itf~\ 

'ri' rs • 2 
h h'd h 

S « D *J 

WM^W 


bo 3 *?* n 

m ° - O • a 

T, r* . ci aj 

O “ O " 

tea a 4i s o 

£1 °^ ° *.9 
o fl . •§ S £2 

„-.S E.f.S.3 SB 
■SScSs^j i 
lELH bo 3 bo bo o >B \ 

i^g-S-lloS ! 

S %* rf t 
m §«J u 3?? ‘I" . 

8> w tf g s5 | s 


s g § 

O) 

P4 

Pi ^ 

^3 U 

- S 
60 (- 1 

^c| 

C3 

Ph 

O S 

C £> 

.2 o 

. o S3 ■** 
B **= « 60 

T‘3'2-1 


bO — 


qT 

g 

P 2 

s s 

4u 

5 p « s 

t» cj ^ s3 
.. p $0 o 

1 

.5 

■<-» Ol 

T3 

C ^3 

-+J w 


ig^Ssf 

’ 2 o-g 5 
> g '3 

j“'o5 S;V p 

.5 -^ cT 3 5 h 
_ o J; P 
' « . fc- J 3 ,o . 

3 1 a 

l 2. 3 . ^2 

3 ^ 5*^ 

j c o *t? «s a> 


»i fH CO • 

• -.2 o ‘ * Sjco 

QOW Cai . 

ppCOT* . oj ,*o rt 

fl O ®«TJ O § cl f3 , T3 . 

g F a £ P.2 H.s fl * 
HWW-*1 Wr-iCHP^ • 


s I I \ 

•3 -cq . a . i 


• es el el | . 

.£§-•4323 4 « 

.HumWccW^ <J 


•go rs 
<x> 'S . 3 £> 


, fl J £ 

«|3 52 P 
•s-c-ci S 


L'n £.’s-2fs 8 
. es ^ o- 3^3 e 

p *- ~ i- — « rjJ 


:W W HWHHwC 


• 

« « *^ 2 « 

.2 *.3 § ? 8 b 

■2 « -3 Sis: 
■ ’ « g * I gi 
\M S 8 .§ 2 = g-g I 


.95 g, g .5 3 c; 5* 8 
*13 P 5* «* P * g u 

9 2S g I -2 |*o-S 
8 3 S £ * £ " 

S fc; p 'o . 2 -^-p ®.2 

dfctfo S t»d-3wpq 


w 5 tc£ d 
cs • rj C O 3 

-? *£ p _ -*> 

T s 3 ~ a 

■Sfis s 

ft3 3 2 *3 

£3f3 .2 

o - cJ o -3 

^PL,OP4 m 


S3 J*sg 

ss.'o §.j®i 

o a ^ atod 

7 h r/1 U . D 

°| -2S-33 

It | ||.i 

O O »J *> Cj -2 

-OP-.025 


i • S -7 ■ *3* |sl 3 sg, . 

f 8) rt o o.-J P o Ou g 

- *rj • « * v aj o © ea 1 

SR^I^elaJOOOOOO Ci p p c C - 
3 - la 3®eeflccfld al ai 3 S O ; 

d P 5 qj - d .S .S “ -S .S .S .3 JS 
hPhPhPhPh^Ph^PhP-iPh Ph P 


! § !l 

;*v cj 
, aai.2 * 


Native Placo, or 

Name of Tree. Botanical Name. whore chiefly Qualities, Uses, etc. 

giuwn. 


366 


SAW-MILLS. 





WOODS AND TTfEift USES. 




368 


SA IV- MIL LS. 


CHAPTER XXXVIII. 

\ 

TABULA II STATEMENT OF THE WOODS COMMONLY USED IN 
GREAT BRITAIN (Holtzapffel). 


FOR BUILDING. 


Elm. 


Ship-bv tiding. 

Cedars. 

Deals. 

Kims. 

Firs. 

Larches. 

Locust. 

Oaks. 

Teak, Ac., Ac. 

Wet works, as ptles, foundation * , 
Ac. 

Alder. 

Beech. 

Elm. 

Oak. 

Tlanc-tree. 

White cedar. 
flousc-rarpentr u. 

Deals. 

Oak. 

Pines. 

Sweet chestnut. 

FOR MACHINERY AND Mil L- 
WORK. 

Frames , Ac. 

Ash. 

Beech. 

Birch. 

Deals. 


Mahogany. 

Oak. 

Pines. 

Rollers , Ac. 

Box. 

Lignum vitro.” 
Mahogany. 

Teeth of wheels, Ac. 
Crab-tree. 
Hornbeam. 
Locust . 

f\nt ml rg patterns. 
Alder. 

Deal. 

Mahogany. 

Pine. 


FOR TURNERY. 


Common goods for toys: softest. 
Alder. 

Aps. 


Beech 

Birch 


J 


small. 


Sallow. 


Willow. 


Rest woods for Tunbridge-ware . 
Holly. 

Horse-chestnut t white 
Sycamore J woods. 
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Apple-tree ) 

Pear-tree f brown woods. 
Plum-tree ' 

Hardest' English woods . 

Pccch, large. 

Pox. 

Elm. 

Oak. 

Walnut. 

FOIL furniture. 

Common furniture , and inside 
works 
Beech. 

Pircli. 

Cedars. lt 
Cherry-t rce. 

Deal. * 

Pines. 

JJest fur.tif u ro . 

Amhoyna. 

Pluck ebony. 

Clicriy-tiee. 

Coromandel. 

Mahogany. 

Maple. 

Oak, vaiious kinds. 

I lose- wood. 

Satin-ww xl. 

Sandal-w ood. 

Sweet chestnut. 

Sweet cellar. 

Tulip-wood. 

Walnut. 

Zebra-wood. 


MISCELLANEOUS PROPER- 
. TJ ES. 

Blast ir it i/. » 

Ash. 

Hazel. 

Hickory. 

Lance- wood. 


Sweet chestnut, small. 
Snake- wood. 

Yew. 

Im hist icily a n d long li n css, 
Ueeeli. 

Elm. 

Lignum \itie. 

Oak. 

Walnut. 

Been grain , projur for earring. 
Lime- 1 rce. 

Peat -tree. 

Pine. 

J)urahili/g in dry works, 
i edar. 

Oak. 

Poplar. 

Swiot chestnut. 

Yellow’ deal. 

Colouring matter. 

i:ld dyes. 

Pra/il. 

Pia/illetto. 

Cani-woo 1. 

T og-wood. 

Nic.uagua, 

Ped sanders. 

Sapan-wood. 

OTir.I.N DYE. 

Green ebony. 

Y1 LLOW DYES. 
Fustic. 

Z .ntc. 

SCENT. 

Camphor-wood, 

Cedar. 

Iti^e-woi xl. 

Sandal-wood. 

Sal in -wood. 

Sassalras. 
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FOREIGN HARD WOODS, SEVERAL OF WHICH ARE ONLY 


USED FOB OBNAMENTAL TUBNEBY- 

1. Amboyna. 

19. Mahogany. 

2. Becfwood. 

20. Maple. 

3. Black Rot. £. wood 

21. Mustaiba. 

4. Black ebony. 

22. Olive-tree and root. 

5. Box-wood. 

23. Palmyra. 

6. Brazil-wood. 

24. Partridge-wood. 

t. Brazil letto. 

25. Peruvian. 

8 Bullet-wood. 

26. Princes- wood. 

9. Cam-wood. 

27. Purple-wood. 

10. Cocoa-wood. 

28. Red sanders. 

11. Coromandel. 

29. Rosetta. 

12 Green ebony. 

30. Rose- wood. 

13. Green heart. 

31. Sandal- wood. 

14. Grenadillo. 

32. Satin-wood. 

15. Iron-wood. 

33. Snake-wood. 

1C. King- wood. 

34. Tuiip-wood. 

17. Lignum vitae. 

35. Yacca-wtod. 

18. Locust. 

36. Zebra-wood. 


Nos. 3, 8, IC, 33, and 34, are frequently scarce. 

Nos. 3, 5, 8, 9, 10, are generally close, hard, even-tinted, and the more 
proper for eccentric turning, but others may also be employed. 

Nos. 4, 5, 10, 12, 14, 17, 18, 19, 30, 32, are generally abundant and 
extensively used. All the woods may be used for plain turning. 


The woods used in our Government yards for ship-bnilding are as 
follows : — 

Oaks.— English. Adriatic. Italian. Sussex. New Forest. Canada, 
white and red. Pollard. Istrian. Live-oak. African, and 
also Teak. 

Pines. — Yellow. Red. Virginian. Nil red Pitch pine. Riga. 
Firs. — Norway and American spruce fir. Dantzic and Adriatic fir. 
Larches. — Hackmctack. Polish. Scotch. Italian, 1, 2, 3. Athol, 
Cowdic, or New Zealand Larch. 

Cedars. — Cuba. Lebanus. New South Wales, and Pencil cedar. 
Elms. — English and Wych elm. 

Miscellaneous Woods used in small quantities. — Rock elm. 
English and American ash. Birch, black and white. Beech. 
Hornbeam. Hickory. Mahogany. Lime-tree Poon-wood. 
Lignum Vitae, Ac. 
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CHAPTER XXXIX. 

THE WOODWORKING MACHINERY REGULATIONS, 1022 , DATED 
NOVEMBER 2 , 1922 , MADE BY THE SECRETARY OF STATE 
UNDER SECTION 70 OF THE FACTORY AND WORKSHOP 
ACT, 1901 (1 KDW. 7 , C. 22 ), FOR THE USE OF WOOD- 
WORKING MACHINERY. 

In pursuance of Section 79 of tin' Factory and Workshop Act, 1901, 
I hereby make the following Regulations and direct that they shall 
a Pl»ly* to all factories or parts thereof and to any place to which the 
prmisions of the said Section arc applied by the said Act in which any 
woodworking machinery is used. 

Provided that if the t hief Inspector of Factories is satisfied in respect 
of any factory or other place to which those Reg illations apply that, 
owing to the special conditions of the work or otherwise, any of the 
requirements of the Regulations can be suspended or relaxed without 
danger to the persons employed therein, he may by certificate in writing 
authorise such suspension or relaxation for such period and on such 
conditions as he may think fit. Any such certificate may be revoked 
at any time. 

r Ili‘se Regulations may be cited as the Woodworking Machinery 
Regulations, 1922, and shall come into force on 1st January, 1923. 

* DlUlNlflONS. 

In these Regulations — 

“ Wnodicwking machine" means a circular saw, plain band saw, 
planing machine, vertical spindle moulding machine or chain 
mortising machine operating on wood. 

. 4k Circular *aw ' means a circular saw working in a bench (includ- 
ing a rack hen el.' f<*r Hie purp »se of ripping, deep-cutting or cross- 
cutting, but doe* not include a swing saw or other saw which is 
moved towards the wood. ^ 

44 Plain band saw " moans a band saw, other than a log saw or 

* Terms to.uhicli defuiod meanings are given are printed throughout 
in italics. 
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band re -sawing machine, the cutting portion of which runs in a 
vertical direction. 

“ Planing machine " includes a machine for overhand planing or 
for thickncssing or for both opera lions. 

“ Within reach ** means within G1 feet from the floor or from 
any other point to which any person employed or working in a 
factory normally has access while the machinery is in motion. 

“ Underground room' 11 means a room any part of which is so 
situate that half or more than half the whole height thereof measures 1 
from the floor to the ceiling is helow the surface of the footway of 
the adjoining street or of the ground adjoining or nearest to the 
room. 

“ Gauge " means the Imperial Standard Wire (_niugo. 

Dirnre*. 

It shall be the duty of the occupier to observe Part I., of these Regula- 
tions. 

It shall be the duty of all persons employed to' observe Part II. of 
those Regulations. , 

Pari 7 . — Duties of Occupiers. 

(1) Every woodv'orking mrnhine shall be provided with an efficient 
stopping and Stirling appliance, and the control of this appliance shall 
be in such a position us to be readily and conveniently operated by the 
person in charge of the machine. 

(2) Every shaft, wheel, pullcj’, strap, band or other de\ icc within 
reach, by which any part of a wood wo) Ling machine receives its motion 
shall be securely fenced. 

(3) Sufficient clear and unobstructed space shall bo maintained at 
every woodworking machine while in motion to enable the work to be 
carried on without unnecessary risk. 

(4) The floor surrounding every wood wor I in g machine shall be main- 
tained in good and level condition, and as far as practicable free from 
chips or other loose material, and shall not be allowed to become slippery. 

(5) Where the natural light at a woodu orkmg machine is inadequate 
and can be improved by the provision of additional or better windows 
not involving serious structural alteration, or by whitening the walls 
or tops of the factory, or by any either reasonable means, the occupier 
shall take steps as aforesaid to improve the natural light at the said 
machine. 

(f>) The rrjfans of artificial lighting for every woodworking machine 
shall be adequate, and shall be so placed e>r shaded as to prevent direct 
rays of light from impinging on the eyes of the operator while he is 
operating such machine. 
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(7) After the 1st March, 1924, no woodworking machine shall be worked 
in any underground room which is certified l> 3 r the Chief Inspector of 
Factories to be unsuitable for the purpose as regards construction, 
light, ventilation or in any other respect. 

(8) The temperature of any part of a room in which a woodworking 
machine is being worked shall not at anv time fall below 50 degrees, 
except where and in so far as tie* construction of the room and tho 
necessities of the business earned on make it impracticable to maintain 
this temperature. 

(9) (a) Every person while being trained to work a woodworking 
machine shall lie fully and carefully instructed as to the dangers arising 
in connection with such machine and the precautions to be observed. 

(b) No person shall be employed at a woodwoi king machine unless ho 
has been sufficiently trained to work that class of machine or unless he 
works under t|jc adequate supcr\ e ion of a person who has a thorough 
knowledge of the winking of the machine. 

(10) Every circular tmv shall be fenced as follows : — 

(a) Tho^iart of tho saw below the bench table filial! be protected 
• bv two plate-i of metal or other suitable material, one on 

each side of the saw , such plites shall not 1 m* more than six 
inches apart, and shall extend from the axis of the saw out- 
wards to a di*'t nice of not less than two inches beyond the 
teeth of the saw. Metal plates, if not bead'd, shall bo of a 
tlu< kiios -> at least equal to 14 gauge, or, if beaded, bo of a 
thickness at least equal to 20 gauge. 

(b) I ’chit id and in a dim-t line with the saw there shall bo a riving 

knife, winch shall have a smooth surface, shall bo strong, 
rigid, and easily adjustable, and shall also conform to tho 
following conditions : — 

(i) The edge of the knife nearer the saw shall form an arc 
of a circle having a radius not exceeding tho radius 
of the largest saw use d on the bench. 

(ii) The* knife shall be maintained as close as practicable 
to ’the saw, having regal d to the nature of the work 
being done at the time, and at the level of the bench 
tahl* the distance between the front edge of the knife* 

* am. t eel li of the saw shall not exceed half an inch. 

(iii) Km -i mivv of a diameter of less than 24 inches, the knife 
sii ill extend upwards from the bench tabic to within 
one inch of the top of the saw, and fyr a saw of a 
diameter of 24 inches or over shall extend upwards 
from the bench table to a height of at least nine 
. inches. • 
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(r) The top of the saw shall be covered by a strong and easily 
adjustable guard, with a llango at the side of the saw farthest 
from the fence. The guard shall be kept so adjusted that 
the said flange shall extend below the roots of the teeth of 
the saw. The guard shall extend from the top of the riving 
knife to a point as low as practicable at the cutting edge of 
the saw. 

(11) A suitable push -stick shall be kept available for use at the bench 
of every circular saw which is fed by hand, to enable the work to be carried * 
on without unnecessary risk. 

(12) Every plain band saw shall be guarded as follows : — 

(a) Both sides of the bottom pulley shall be completely encased by 

sheet metal or other suitable material. 

(b) The front of the top pulley shall be covered with sheet metal 

or other suitable material. 

(c) All portions of the blade shall be enclosed or otherwise securely 

guarded, except the portion of the blade net ween the bench 
table and the top guide. 

(13) After 1st March, 1024, no planing machine , which is not mechani- 
cally fed, shall be used for overhand planing unless it is lilted with a 
cylindrical cutter block. 

(14) No planing maAiine, which is not mechanically fed, shall be used 
for planing overhand any piece of wood less than twelve inches in length 
unless a safe holder is used for such piece of wood. Provided that this 
regulation shall not apply to the operation of planing the odpes of flat 
pieces of wood, nor to a planing machine which is fitted with a cylindrical 
cutter block. 

(15) Every planing machine used for overhand plan'iig shall be 
provided with a “bridge'’ guard capable of covering the full length 
and breadth of the cutting slot in the bench, and so constructed as to be 
easily adjusted both in a vertical and horizontal direction. 

(16) The feed roller of every planing machine used for thieknessing, 
except the combined machine for overhand planing and thieknessing, 
shall be provided with an efficient guard. 

(17) The cutter of every vertical spindle moulding machine shall 
when practicable be provided with the most efficient guard having 
regard to the nature of the work which is being performed. 

(18) For such work as cannot bo performed with an efficient guard 
for the cutter, the wood being moulded at a vertical spindle moulding 
machine, shall, if practicable, be held in a jig or holder of such construc- 
tion as to reduce as far as possible the risk of accident to the worker. 

(19) A suitable “ spike ” or push-stick shall be kept available for use 
at the benoh of every vertical spindle moulding machine. 
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(20) The chain of every chain mortising machine shall be provided 
with a guard which shall enclose the cutters as far as practicable. 

(21) Tift; guards and other appliances required by these .Regulations 
shall be maintained in an efficient state and shall be constantly kept in 
position while the machinery is in motion, except when, owing to the 
nature of the work being done, the use of thi* guards or appliances is 
rendered impracticable. The guards shall be so adjusted as to enable 
the work to be carried on without unnecessary risk. 

(22) Regulations 10, 12, 15 and 1(» shall not apply to any woodworking 
machine, in respect of which it can bo shown that other safeguards are 
provided and maintained which render the machine equally safe as it 
would be if guarded m the manner prescribed by these Regulations. 

Fart II. — Duties of Persons Employed, 

(23) Every person employed on a woodworking machine shall 

ti) use amf maintain in proper adjustment the guards provided 
in accordance with these Regulations ; 

(ii) use the “ spikes v or push-sticks and holders provided in com- 
pliance with Regulations 1 1, 14, IS and Iff ; 
except when, owing to the nature of the work being done, the use of 
the guards or appliances is rendered impracticable. 

\V. (’. IfKTTK) KM A.N, 

One of 11 is Majesty's Principal 
•Sect claries of State. 


Whitehall. 

2nd RovemLer, 11 >2 2. 
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CHAPTER XL. 

TIMBER AND SAW-MILL TRADE TECHNICAL TERMS. 

Alburnum — is the sapwood. 

Annual layers — is the yearly growth of the tree defined by concentric 
circles outside the medullary rays. 

Battens — are boards when Tin. wide or under. 

Bavin — has different meanings in different parts of the country, such as 
brushwood, fagots, chips of cut wood, wood refuse. 

Binders — are the long pliant shoots of hazel, ash, willow and similar 
trees which have length and elasticity enough to allow them to be used 
for binding up bundles, fagots, making hurdles, etc. 

Blaze — The chips made by a mortising chisel when in work, also called 
“ Core.” 

Blockings — arc small pieces of wood glued to the interior angle of two 
boards to strengthen the joint. 

Bole — the trunk, stem of body of a tree, after it has attained the diameter 
of 8in., which constitutes timber. 

Bond timber — pieces of timber used to bind in brickwork. 

Breaking- down— in sawing, is dividing the baulk into boards or planks. 

Buckling- — a term applied to saws when they arc twisted or distorted out 
of truth. 

Burrs — excrescences on trees, arising from the crowding together of small 
germs of confused and irregular growth. 

Bush or shrub— is the name applied to those perennial ligneous plants 
which do not in their normal state of growth attain a girth of more 
than Gin. u 

Butt-end — is that part of the stem of a tree which is nearest the root, and 
at which the lowest measurement is taken. 
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Gambletted— is applied to roots when they are curiously veined. 

Cane— arc shoots of hazel, 6 ft. long, cleft for hoops, small tubs, and 
cooporagp work, also called “smart hoops.'' 

Clamping:— is tlic method of fastening several boards, by another placed 
transversely at each end, secured by a mortice and tenon, or tongue 
and groove joint. 

Cooper ware — is the name given to the lower ends of ash poles, cut in 
lengths from 1G ft. to IS ft. for waggon tilts and cooper work. 

Core— tlic chips made by a mortising chisel when in work, also called 
“ Mazo.” 

Cord wood — wood for. firing purposes, or for charcoal burning. 

Concentric rings — are the woody layers which define the yearly growth 
of the tiee. 

Cross cutting* — eutting across the grain of the wood. 

Cross-grained wooffc — is that in which the fibres arc presented endways 
or obliquely on the mu face. 

Crotch .punch — a punch used for setting saw teeth by jumping or 
widening their points. 

Curls — aie the result of llie confused fi^ing-in of the space between the 
forks or ilic spiingings of tlic blanches, and arc sometimes called 
“ feathers.” 

Cup-shake — is a shake which extends round a great portion of the 
trunk, between two of the annual concentric layers, bo as to ill vide 
them from each other. 

Deals — are boards when between Tin. and 11 in. wide. 

Deeping — sawing through the deep way of timber or boards. 

Doted — signifies decayed. 

Dove-tailing — is joining two pieces of board by indenting. 

Drunken — a term applied to a circular saw, which runs out of the 
perpendicular when in motion. 

Druacy knot — a dt raved knot at the root end of a branch. 

Dry rot — an interna^ decay of the vegetable albumen, generally supposed 
to arise from internal moisture and want of free air circulation. 

Duramen — is the neait wood. # 

Endogenous trees — difTer from exogenous trees in having their sub- 
stance formed by successive additions from the inside. 
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Exogenous trees — a vegetable class, which augment their woody matter 
by additions to the outside of that which is first formed. 

Fagots — are of two kinds, house fagots, and kiln fagots : house fagots 
are lengths of hop and fence poles, kiln fagots, waste, underwood, etc. 

Feather-edged boards — boards sawn to a sharp bevel. 

Flatting — sawing through the flat or thinnest way of boards. 

Flitteme — are young oak trees, the bark of which is of greater value 
than that of older trees, on account of the greater amount of tannin it 
contains. 

Foxy wood — is wood disfigured by dull red stains, which generally 
indicate growth in a marshy soil, and arc the signs of approaching 
decay. 

Frames —those parts of a window or door in which the sash or panels 
are fitted. 

Frowy stuff — short or brittle and soft timber. ' 

Frush — wood is said to be “ frusli ” in the grain when^-in consequence 
of the decreased lateral adhesion of the annual layers, it has become 
brittle and short. 

Ground off — a term applied to circular saws that arc be velled off on the 
one side, and are of greater gauge at the centre than at the circum- 
ference, or in the case of straight saws, of greater gauge at the front or 
teeth than at the back. 

Gullet — the gullet, or throat, is the depth of a saw-tooth from the point 
to the root. 

Heart shake— clefts in the wood varying in distance, but sometimes 
extending from the pith, and separating the concentric layers into 
segments of circles. 

Heart wood— Duramen. 

Herring-bone strutting — consists of pieces of wood nailed in a line 
between and across the joists from the top of one to the bottom of the 

next. 

Housing — is the cutting of a piece out of one board for the insertion of 
the end of another. 

Jamb linings— frames for internal doors, openings, etc. 

Joists — pieces of timber used to support floors, etc. 

Kerf— the slit made by a saw. 
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Kinked— a term applied to a “buckled” saw, when its surface undulates 
and is untrue, called also “ waved.” 

t Knots, bnrld| blisters, and birds’ eyes— are irregularities of the grain, 
produced at the divarications of the limbs, the healing over of the 
wounds and protuberances, which twist or warp the grain of the wood 
out of its straight course. 

Laths — thin strips of wood used for roofs and plastering purposes. 

Lead — is the “rake ” or angle to which the teeth of saws incline. 

Lignine — Woody matter. 

Lining— inside boarding in contradistinction to outside sheathing or 
casing. 

Lock rail — of a door-frame, the transverse piece which separates the 
main doorway from the open space above it. 

Log — the trunk or body of a tree ready for the sawyer. 

Match boarding — boards made with tongues and grooves on their 
respective edges, so as to drive together and make a joint. 

Medullary rays— Silver grain. 

Mill webs — straight saws used in machines with a reciprocating motion 
for cutting timber or deals. 

Mitring— is forming the diagonal joint which two pieces of wood make 
when meeting at an angle. 

Mortise — a hole cut in wood, to receive a corresponding piece formed on 
another piece of wood. 

Newel — the central column round which the steps of a circular staircase 
wind. 

Orole — a convex moulding. 

Ogee — a moulding consisting of two members, the one concave, the other 
convex. 

Paoking — material used for guiding saws, or pieces of wood used for 
placing under other bodies when raised from the ground. 

Pith — the central or firs* formed part of a stem, composed of cellular 
tissues, through which the sap flows. 

Pitoh — is a term applied to saw-teeth, and is the angle of the face of the 
tooth up which the shaving ascends, and not the interval between the 
teeth, as with the threads of a screw. 

Planks — are boards oyer 11 in. wide. 
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Points — small saw teeth are reckoned by the number of teeth points to 
the inch. 

Poles — are shoots from coppice stools, or the stems of youpg trees. 

I 

Prepared flooring: — boards sawn and planed ready for laying. 

Put log’s— short pieces of timber about 7 ft. long, used in building 
scallolds. 

Quaggy wood — is that full of shakes and clefts at the centre of a tree, 
which is usually grown on a loose soil. * 

Queen post — a veitieal timber supporting the rafter of a trussed roof. 

Quirk — a small acute channel or recess. 

Batters — the secondary timber of a house. 

Bake — the rake of a saw is the angle or “ lead ” to which the teeth are 
inclined. ' 

Baking* mouldings — a moulding whoso arriies aie inclined to the 
horizon in any given angle. 

Bebate — a groove or channel cut longitudinally in a piece of wood. 

Bibbing — the timber wcik for sustaining a vaulted ceiling. 

Bipping — a term applied to sawing wood with the grain. 

Bing-hearted — split in the diicction of the rings of j carly growth. 

Bisers — parts of a staircase which are mortised into treads. 

Bind gall — is when the alburnum of a tree lias been wounded, or 
improperly lopped, and co\cred by the subsequent growth; this will 
often cause rottenness in the tree. 

Bosy wood — is the irregular direction or overlapping of tlic grain of the 
wood, as in mahogany. 

Sap — a fluid which flows through the pores and fibres of a tree. 

Sapling — a young tree less than Gin. in diameter at 4ft. from the 
ground. 

Sapwood — otherwise alburnum, imperfect layers of wood, found outside 
the heart wood or duramen. 

Sashes — those parts of a window which receive the glass. 

Sash frame — the wooden frame within a window casing in which a sash 
slides. 

Sash stiles — are the side pieces of a sash frame. 

Sears — low fagots, pliable branches, used for sheltering farmym ds, etc., 
long bavins fastened with three withes. 
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Setting — a term applied to the act of bending saw teeth alternately to 
the right and left, to give clearance to sawdust. 

Scantling* — the dimensions of any piece of timber with respect to itp 
• breadth and^thickness. 

Scarfing — the joining of two pieces of timber, by being bolted or nailed 
together transversely so that the two appear as one. 

Shoot— the lateral branch of a stem or stub ; the latter, however, is more 
properly a standard. 

Silver grain — is an appearance caused in some descriptions of wood by 
large and distinct divisions or rays radiating from the pith of the tree 
towards the bark, and which .are generally of a light, silver colour, pro- 
ducing that fine flowered appearance in oak when cut through the 
grain. 

Shaky — split in the direction of the medullary rays ; that is, from the 
heart outwards.. 9 

Shooting — is making the edge of a board perfectly straight. 

Skirting — a narrow board forming a plinth to an internal wall. 

Slack — a term applied to the hollows or irregularities which sink on a 
“ buckled" saw. 

Slit deal — a name for a deal cut into two boards. 

Sliver — small straight shoots cleft longitudinally for cooper’s work, 
lathing, etc. 

Space — the space is the distance from one saw tooth to another, measured 
at the points. 

Spar — a piece of timber employed as a common rafter in a roof. 

Spine — is the name given to the mature wood of a tree, the outer layer 
being called alburnum or sap wood. 

Sprig of wood — is in some places used as the name of branches of trees. 

Stag-headed — the thickening of the topmost branches of a tree when it 
has arrived at maturity. 

Star shake — consists of clefts which radiate from the pith or centre of 
the tree towards the circumference or bark. 

Stem — the body of a tree in all its stages of growth. 

Stilear— part of a window -asli. 

Striking gear — know»#aKo as belt gear, is an arrangement of levers for 
stopping or starting nnudimeiy by throwing the diiving belt oil or on 
the driving pulley. 

String boards — boards which support the risers and treads of a staircase. 

Stub or stool — the root of a tree left in the ground. 



3»2 


SA W-MILLS. 


Swag-a term applied to driving belts when they are too long or run 
too loosely ; i.e. 9 “ they swag.” 

Swelling— an excrescence upon the exterior of a tree. 

*'* 

Tap-root — the first root produced by the seed of a tree. 

Tellers — sometimes called Tillars or Tellows, is a sapling or selected 

1 coppice shoot, which is chosen and marked at the time of the fall of 
the underwood to stand for a timber tree, or the growth of the maiden 
bark. , 

Tenon — the square end of a piece of wood, reduced in thickness to fit 
another hole called a mortice, forming together a mortice and tenon 
joint. 

Tight — a term applied to the irregularities which rise on a “buckled n 
saw. 

Tiller — is the shoot which is selected for its strength amongst those pro- 
duced by a coppice stool, to stand for a timber tree. 

Timber — the trunk, stem, or body of a tree, after it has attained the 
diameter of 8 in. 

Transom — a short beam or lintel over a door. 

Treads — parts of a staircase on which the foot is placed when walking. 

Tree-nails — cylindrical wooden pins. 

Trunk — the stem, the bole, or body of a timber tree. 

Twist — is an obliquity in the woody fibre of a tree. 

Upsets — are defects when the grain appeals to be partly separated. 

Wainscotting — boards employed to line internal walls. 

Wave joint boarding — boards used for roofing, arranged with furrows 
and grooved joints. 

Waved — a term applied to a “ buckled ” saw when its surface undulates 
and is untrue, called also “ kinked.” 

Wany — when the edge is not square. 

Wany timber — is that which is unequal sided. 

Weather boarding — boards fixed or sawn at a bevel for roofs, fencing, 
etc., with the object of throwing off wet. c 

Well collared — -means that the large knots of pieces of wood are firmly 
united tp the surrounding timber. 

Wrack, brack, or culls — signifies the rejected timber or deals, through 
not coming up to a certain standard quality. 
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\ “buckled ” sau, 1(51 
/V Accidents to guard against, 15, 16 
Action of saw-teeth, 129 
Adulteration of oils, 122 
Adzing sleepers, 43 
Age for felling timber, 234, 249 
Air, admission of to boiler furnaces, 78 
Air, hot, for drying timber, 242 
An estate workshop, arrangement of, 
263 • 

Angles of cutters, 171 
Angles of saw-teeth, J28 
Anthracite, cwal, burning, 230 
Apparatus for hand-feeding furnaces, 
230 

Apparatus for securing uniform shape 
of saw -teeth, 13G 

Apparatus for stopping engines by 
electricity, 32 

Appearance of good timber, 232 

pine, 233 

larch, 233 

oak, 234 

teak, 234 

Appliances for saw -mill, 29] 
Airangement of chimney-stack, 7 o 
Arrangement of tire-bars, 225, 228 
Arrangement of saw-mill for general 
purposes, 1 

planing, 13 

railway carriage workB, 

28 

Arrangement of plane irons, 37 

shafting and gearing, 90 

Artificially dicing timber, 242 
Augers, mortising, 177 

— expanding, 179 

Automatic plane iron grinder, 281 
Axe and hammer handle dressing 
machine, 43 

DALANCINO cutteis, 310 
I' Ball bearings, 301 

for fast- and loose pulleys, 1 8 

— shafting, 98 • 

Band-saw blades, tension ui, 325 

— — rolling and stretching machines, 
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Band-saw 163 

— — back thiust of, 207 

— — breaking, 333 

for cutting wheel felloes, 280 

— horizontal log, 307 
lubrication ol, 116 
on working, 203 

— - setting of, 166 

speed ol, 213 
strength of, 1G8 

— - to braze, 1G9 

— — temper of, 165 
Banil-suwmg machine, 23 

wheels, sizes of, 24 

Barking timber in front of saw, 278 
Bars, fire, arrangement of, 226, 228 
Batten*, and denis manuf «eture of, 261 
I Iran tigs, ball ami roller, 17, 93, 301 

• - and their lubrication, 10G, 301 

- footstep for turbines, 53, 55 

— - heating, 19 

- lubrication of, 110, 303 
metals for, 107 

— proportion* of, 10G 

Belts, cementing joints of, 183 

— driving power of, 183 

— for circular sawa, 19 
difficult drives, 304 

transmission of power, 189 

— for high speed machinery, 19S 

— for removing saw-duht, 12 

— for planing-macl lines, 19 

• - joining, 183 

— management of, 181 

— rules relating to, 186 

— shifter for, 195 

— strength of, 191 

— stretching, 185 

— table of lap for, 181 

— travelling, 11, 12 
Bench, rack, 20, 34 

Birmingham wire gauge, {able of sizea, 
300 

Boilers, arrangement of, 3 

— duplicate sets of, 31 

— incrustation in, 70 

Boiler attendants, rules foi , S4 
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Boiler, Cornish nr Lancashire, 66 

— furnaces, admission of air in, 78 

— furnaces, 78 

— S( lection of a, G6 

— setting, 78 

— s])Ci lfiention of, 07 

— tubes, cleaning, 04 
vertical, 08 

Boring and mortising machine, heavy, 

89 

— bits, 178 

— bmig-lioles. 179 

— machine, multiple*, 41 

— sice I ers, 48 
Box cutting', 21 

V,i izmg ol log band-saws 83. 

Tie.iht Milter wheel, 4 9 
Bridges, furnace, 228 
“ Buckled " saw, a, 1G1 
Burning oaw-du't. 81 
Buymg secoiid-lumd machineiy, 301 

/ ' ABTNET \\ oi ks, 14 
V' Culeulntini* pow < r of in i Inin , 55 

water sunpK . 50, 

w ater-w heel, 51 

< 'a re i mr doc, !) 

I.'iiiii.u'c, lailwav work?, 28 
Cat bob /in L r limbi i. 2 15, 255 
Cem< nt, joints lor b< Its, is:. 1 *>_' 
Centres, short, to 1)' nxonlul, :'<> 

Chain fei d saw -bench, 43 

— morti-inu nsaebme, 80 1 

— cutter sliaipi rung, 33 v 

Ch-iiiis, ti moiling, 1 1 

Chimin ) s, holier, table ol (lmi( n*>i u.s 
of, 70 

Chimney-stark, proportions ol. 7‘ 
Chisels, mortice, 173 
Clieular saws, hel.s lor, 19 

erm lung, 323 

expansion of, 133, 136 

leed of, 211 

guauls for, 16 

hanging, 204 

parking, 199 

speed of, 210 

Cleaning boiler tubes, 04 
Coals, anthracite burning, 220 

— forming inui h elmkei, 2 !1 
Combustion chamber, heated aii in 

229 

Combined log and deal fianr;, 21 
Compound engines, 01 
Comnoumls, IU»i mating, 118 
Comleiisei, 06 
Consuming smoke, 223 
Construction of water-race for turbine, 
B8 

Conversion of timber, 257 
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Cornish boiler, 00 
Corrosion <d s' earn boilers, 70 
Co t ])i ice, 280 
Count ci 'halts, erecting, 97 
Coupling h»r -hafting, improved, 92 
1 Covcimg steam pipes, 77 
j Crab ir i veiling, 9 
Cieosoting timber, 25:> 

Cius— cutting nun li i nt a , 3, 7 

— lug' b> band, 279 

— w imdeii |eiM nn lit bln. ks. 277 ) 

t’utt'-i block**, round, 37, 880 
(‘utters, 1 7J, 310 

— tempi ri g. . 78 

C> lindci lulu it at ion, 115 

D E \L cutting, pressure loders for, 22 
Deal flames, sp, eds ol, 215 
Deals and battens, uiauuJaet ui mg, 20L 
— shed fm , 210 
— sta- king, 237, 239 
— men- meric nt of, 8 10 
Dera\ of woi.d and its proven 1 inn, 218 
Duck, still w.iter, 0 
D 'g, can'ing, 9 
]>"gs. tun i llmg, 11, 8! 

Dressing up g'lniMone, 288 
Dmiug, ii i egiil.ii 1 1 \ in, 1 > 

— power of a belt, 183 
Dr\ ret in timber, 250 
Dn mg timbei mtit.eially, 2 »l 

by 'mt air, 212 

by steam, 213 

. ECONOMY in saw-mill, 20, 2S5 
j Elei 1 1 ic light for nulls, l.i 

lilci t licit \ a.-, .i muter, 297 
l.nion w heels. 820 
- tor saw sh.li peliing, 1 10 
— — tm gi Hiding c it'u i', <Jci. , 2S1 

man -gi nn nt nt, 283 

speed el, 211 

vai.mis kinds of, 282 

Engine and h ulm, o\ erworking, 15 
— di iveih Hi lea l’oi, 81 
— pm table, 04 
— loom, 5 
— Bettlllg, 72 
— spot itn at ion of, 63 
— ty,»e ol, tin ill i\ ng saw-mi IK 01 
— ve: heal, with bmlei eumbme.i, 01 
Engines, high speeded, 02 
Estate workshop, nn, 203 
Esl mini i nt* wall i supply, , r >G, 58 
I . \baust Tin, 1 2. 81 3 
Expansion and contraction of circular 
saws, 135 
— gi nr, 04 
Extruding roots, 294 
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Id AN, pneumatic, 12, 313 
1 Fast and loose pulley*, 18 
Feed motion «of saw 1 mines, 205 

— speed of circular saw benches, 211 
of various machines, 217 

— water lieateis, CD 

Felling timbei, in piopor season, 2-10 
Filing, saw, 142 

— - saw guide, 145 

Fire bars, arrangement of, 225 
Fire pump, 14 
Fixing machinery, 25 

— shafting. DO 

— 1 urhiuc, 57 

Flooimg, nieasuirment «»{, 348 

Foots! ( |. healing of 1 lullin' 1 . 53 

Forest use, machinery for, 202 

Formation of » ood, 248 

Foundations for machines. 101 

Frames, saw, working, 201 

French me hod of sawing timber, 200 

Fuel, economising, 223 • j 

Furnaces, hoilrr, 78 

Furnace, budges, 70, 228 

/' AS pow »* i , 40. 2D0 
\3 Gauge*. of sliaight cinulai 

154 | 

— - band-saws, 107 I 

tiauge wile, 2DD 

Gearing and shafting, arrangement, ol, 
90 

Gear, st liking. 1 Do 

Glossui v of tei linieal tern's, >7^ 

Grindstone, eountei shaft for. 285 

— diessing up, 28S 

( nmlei, ])hme limi automat u , 281 
( j i Hiding, planing and moulding non-, 
335 

Guards for ciicular saws, lo 
Guide foi hiw tiling, 145 
Gulletmg saw teeth, 140 

H ammering saws, 15 s 

Hand feeding furnaces, appaiatus 
for, 230 

Hand feed saw shaipencis, 323 

Hanging ein ulur saws, 203 

Hard water, mmeials feund ii; f Id 

Hard wood, s.iw teeth Li, 1.11, Hit 

lieateis, feed water, 09 

Heating bearings, 19 

— circular saws, ID 

Mewing timber, French method, 200 

High and low presume tui bines, 5 2 

High speeded engines, 02 

High 8i»eed spindles, lubrication of, 112 | 

Hoist, light, 7 • 

Horizontal slot mortising machine, 41 
• — water wheel, 52 


llmi/ontal log hand --. mum, ;?( >7 
Hot an lor diynig timber, 212 
Hydraulic, footstep hearing, 55 


INCREMENT saw teeth, 131 
A Jncrust.it ion in steam boilers, 70 
India-rubber ua a preservative for wood, 
251 


Irons, moulding, 1,2 
— planing, speeds of, 21G 
Irregular moulding mid shaping, 24 
Items about wood, 1 1 > 


I IGGKR saws, speeds of, 216 
d Jointing belts, 184 

T AXCASH1RK boiler, 66 

Lmyh timber, appearance of good, 

Lath Wood, nieasuiemunt »fl, 317 
Lead oi saws in swing tiainc, 205 
Lime as a presoi vative lot wood, 251 
Log band-saws, brazing ol, 332 

— space ami “ hook” ot, 32D 

— setting, 330 

— h.ime, coihImih <1 21 
separ.it e. 4 

Log sledges, 295 
Logs, canting, 9 

— cross cutting by hand, 279 

— deck, 10 

- hauling, 6, 9 

Loose pulleys improved, 17, IS 
I.nbrie Oing compounds, 1 18 

cyllhdeis, ll.i 

— (self;, loose pulleys, 17 
Lubrication of band saws, 116 

— — heatings, 110 

cylinder, 1 15 

saw spindle-, 11 »> 

Lubvicatois, 113 


1 \ | AUIIINK foundations, 100 
-Hi Machines, power required foi 
mi nous, 21 9 

— sawing, notes on waking, 198 
Maehinciy, “cheap,” 20 

— etc., ordering, 7 m 

— second hand, 34 1 

— selection of, 29 

— setting, 25 

— starting, 27 

— woodworking, speeds of, 299 
Management ol belts, LSI 

emery wheels, 281? 

a saw mill. 275 

Manuiitcluriiig deals :ind battens, 261 
Masonry for machine foundations, 102 
Measurement of heals, 345 

lath wood, 317 

— — timber and rules as to, 340 
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Median iral stokers, 224 
Metals for beurings, 108 
Microscope, use ol lor testing timber, 
235 

Mineral oils, 112 

Minerals, found in hard water, Oil 
Mortice chisels, 175 
Mortising and Imiin^ machine, 39 
chain, 304. 33S 

— horizontal slot, 41 

— machines (nici]trocatiiig) f speeds of, 

217 

(rotary), speeds i»l, 217 

Motive power lor saw mills, 40, 61 
Moulding nous, 172 

— (iricgulur) and shaping machine, 21 
Mouldings, wood for, 209 

— marked on, 337 

V AR ROW hand sa w s.sharpi-nmg. 332 
-1' Notes on woikmg sawing 
machines. 198 

O AK timber, appearance of good, 233 
Oils, mlulteiat mu ol, 122 
— mineral, 1 1 2, 122 
Outwai d How, turbine, .it 56 
Over-feeding Raws, 200 
On ei shot v utei wheel, 4'» 


1)ACK1N(I cur ul ur 
1 — pieces, 132 


saw, 199 


Panel scraping inachinc, 38 

Paraffin, as a preset vative toi wood, 261 

Pavement (wooden), cross cutting, 278 

Pianolv.rte woiks, 14 

Piece work, 250 

Pine tnn her, appearance of, 233 

Pinion'*, intet mediate, 10 

Plan of estate woikshop, 201 

Plan of saw-null for gi neral purpose*, 2 

planing, 13 

railway carnage woiks, 

28 


Plane irons, arrangement of, 38 

— iron grinder, automatic, 281 

on blocks, whet tine, 337 

Planing irons, speeds of, 21 1; 

— machine, panel, 38 

— machines, belt.', for, 19 

— high speed, 308 

— mill, plan of, 13 

- and tr\ ing up machine, 22 
Plummer bloejj, improved, 93 
Pneumatic fan, 12 
Portable engine, 64 

— machinery for forest use, 292 
Pow r er rf water wheels, oiler tm*, 49 

— required for various machines, 219 
Preseiving timber by carbolic acid, 215 


Pressure rollers for dial cutting, 22 
Prevention of smoke, 79 
Pioces"i>, \ annus foi preservation of 
timber, 253 

Proportions of bearings, 106 
Pulleys, 96, 30- > 

— loose improved, 17, 19 

— tension, 196 

Punch (setting), for saws, 151 
Pump, for fire purposes, H ^ 

1 1ACE wuter, for turbines, 57 
t Rack saw bench, 20, 31 
Railway through mill, 2, 14, 28 
Recessing machine, 24 
Kccipioi iitmg saws, speed of, 211 
Regulations, In. me Oibce, 371 
Roller hennn.'s, 93, 30i 
Itollcis, piesMiie, ‘22 
Roonng, measurement of, 3|8 
Roots, extracting, 294 
Rotan or sb>t Mortice chisels, 177 
Rules’ for anangement of chimney 
stack. 75 

engine diiveis and boiler attend- 
ants, 84 

calculating speeds of shafts and 

diamei cis of pulleys, 100 
— i chit mg to belts. 186 
— us to measurement of timber, 3 pi 
Running out of li nth, saws, 155 

! SAFETY Regulations, 371 
| M Sand pap* ling nnicluiK, 42 
] Saws, band. 163 

■ back tin list of, 207 

gunge of. 167 

setting, 166 

, speed of, 213, 831 

st length of. 168 

i temper of, 165 

: tension of, 206 

to In axe, 169 

working, 295 

saw- Plane,’* 141 
Saw bench, ben mips. 2t»l 

combined feed, 4 

fm hle« pi rs, 43 

lor t v\ «> saw s, 4 

tack, 20 

Saw 1 1 1 ciila i, ri. “ buckled.” 161 

- e\pa nsionand contiaetionol, I 35 

guard)* foi, 16, 135 

gauges ol, 155 

h.i rnnioi me, 158 

nideiiug. 297 

S.iw dii 1 *!, cleeiing away, 12, 15 

| bun. mg, 81 

l Saw filing, 142 
— — guide for, i 15 
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BLXk 

Saw frames, log and d< ul combined, 21 
vibration of, 102 

— — fertl nfation of, 205 
-- — speed of, 212 

— working, 20 1 

Sawing mat limes, woikuig of, 198 

for forest use, 202 

Saw mill, arrangement of, l, 5, 13 

recent improvements m, J!H* 

appliances for, 291 

economy in, 20, 285 

— — management of a, 276 

motive powi r for, 46 

plan of u, 2, 28 

type of engine for driving, 01 

Saws, lead of, in swing iinme, 205 

— over feeding, 200 

— packing, 198 

— running out of truth, 155 

— selection of, 1*28 » 

— sharpening, 820 

— single bladetl, 182 * 

— - straight, 120 

Saw sharpening viachitie, 279 

— - — automatic, 824 

emery wheels l’oi, 1 hi 

Saw spindles, luhiicalion »>f, 110 
hearings of, 201 

Saw teeth, uciion of, 129 

angles of, 128 

experiments with, 129 

foi haul wood, 181 

gulleting, 110 

increment, 181 

setting, 149 

shapes of, 137 

spic.td setting, 153 

— — spring and punch setting, 151 
throat spare of. 180 

trembling of, Ml 

uniform shape of, 180 

Sea Ron for felling timbei, 219 
Self-lubrication of shafting, 111 
Seasoning timber, 287 
Setting boiler, 73 

— engine, 72 

— machines, 25 

Shutting, ammgrment of, 6, 90 

— coupling for, 92 

— sire of, 3 

— speed ot, 3 * 

Shaping and moulding mat liine, ii te- 
gular, 24 

working a, 2SS 

Sharpening circular saw^ 822 

— saws, notes on, 320 
Sheds for staring ’timbw, 8 
Short cell lies to bo avoided, 26 
Single f blmled Raw, 35 
Sledges loi logs, 295 


tbit 

Smoke consuming, 223 
ltajirc veil lion, 79 
Soapstone as a lubricant, 1 13 
Specification of boiler tor saw-mill 
work, 07 

— engine , 63 

Speeds of circular saws, 210 
emery wheels, 214 

water entering a turbine, 58 

— feed for various machines, 217, 
218 

woodworking machines, 209 

shafts, rules for calculating, '*«» 

Stack, chimney, auangement of, 75 
Stacking timber, 237, 210 
Stamlaids, timber, value of ditlereut, 
800 

Steam boiler, luruaecs, 78 

— for drying timber, 218 

— mortising ami boring machine, 39 

— pipes, coming, 77 

— production of, 77 

— waste of, 289 
Steel for shafting, 91 
Stoking boilers, 221 
Strei gth of belts, 19 1 
Stretching bells, 185 
S hiking gear, 191 
Stump extractors, 295 
Swing frames, 22 


'PAULK of dimensions ol chimneys, 76 

± gauges of saws, 155 

laps for belt joints, 184 

rectangular weirs, 59 

sizes, ilirmiugham wire gauge, 

312 

'leak, appearance of good, 234 
Teeth, saw, action of, 129 

angles of, 128 

band, 163 

emery wheels for sharpening, M<? 

expel iments with, 129 

filing, 141 

lor hard wood, 131 

gulleting, MG 

increment, 131 

shapes of, 137 

spread setting, 153 

... — spiing and punch setting, 161 

throat space, 130 

trembling of, 141 

uniform shape of, 136 

Torn pei lng cutter-, 178 
Temper of band-saws, 106 
Tenoning machine, 28, 38 • 

Tension of band-saw blades, 20C 
— pulleys, 19G 
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Terms, technical, glossary of, 353 
Timber and deal sawing, price list of, 328 

— smd saw-mill trude technical terms, 

35*3 

— appearance of good, 232 

— eurholi/ing, 24 o, 255 

— conversion, 257 

— ereosoiing, 253 

— drying artificially, 242 

— dry rot in, 250 

— drying by hot siir, 242 
by steam, 213 

— for wheelwrights, 239 

— four thousand jeais old, 252 

— hauling, 6 

— hewing, French method of, 260 

— hoisting, 12 

— rules us to measurement of, 325 

— seasoning, 237 

— season for felling, 249 

— selection of, 232 

— slocking in open air, 237, ‘249 

— st. Hiding, measurement of, 330 

— testing by microscope, 235 

— trade miscellanea, 335 

-- various piocesses iur prcsei \ing, 253 
'1 ool room, 310 

Tool-Room, importance of, .317 

— niuchiiie-, 319 
Travellers, overhead, 15 

— "Well mg ion, 7 
Travelling, belts and chains, 11 
Trying up and planing machine, 22 
3 uhes for Iced water healer, 69 
Tunnel for buxv-du-t, 15 
Turbine water wheels, 49 

homing' "I, 55. 55 

- — fixing. 57 

— Francis, 55 
.lorn al, 5 I 

-- nice for. 57 

— — file Vort < A, 5 1 


UNIFORMITY in bevel of aiw-teeth, 

b 1 15 

— - - cutting angles of saw-teeth, 1 1 1 

driving belts, 193 

tiling ha xv- teeth necessarx , 111 

gauge, width, toothing, dan poll- 
ing, and netting ol band-saws 
linporlaiit, 165 

g u Deling saw r -teeth, MG 

pit* li of bU'w-teeth, 135 

si t ting of saw -teeth, 149 

speed of driving, 1 5 


yALUE of different timber standards, 

Valves, tlioi most, al ically.** controlled, 
33 

Variable expansion gear, Gt 
Vertical boiler, GS 
--- engine and boiler combined, 64 
Vibration of saw frames, 102 
Vice for saw-filing, 143 

"YUAGGON and carnage works (raif- 
' > way) arrangement of, 28 
Waste of steam, 289 
Water, feed hpaters, 69 
-- hard, minerals found in, 70 

— in, foundations, 102 

— percentage of, in wood, 241 

— power, 40 

— race for turbines, 57 

— speed of, in entering turbine, 58 

— supplx. ec.tim.Uing, 56 

- to dctcrmiQo (pninfity of. flowing 
tliiougli penstock, 52 
\\ ntr r wheels. 47 

caJeiibiting pow ei ol, 51 

eftfi tlx e power ol. 51 

— - — sj.ei d of, 52 

— tuibine, 49 

Weirs, i octangular, table of, 59 
Wheels, emery, foi saw bliarpening, 
1 16 

Wheelwright*, timber for, 239 
Wire gauge, 321 

Wood, conipaiativc \ allies ot, 357 

— decay of, and its pretention, 249 

— tire-proofing for, 337 

— bald, saw-tooth for, 131 
hardness of, 337 

Hems about, 337 
its formation, 2 IS 

— percentage ol water m, 211 

— suitable tor moulding", 269 
tensile stiengtli of, 337 

— to bend, 337 

to prewnt cracking, 337 
Wooden pavement, eioss-cutting, 27S 
Wood", and thru* uses, 339 

commonlx used m (iieat Ifntaiii, 346 
Woodwork for railway permanent wax , 
' liianufachinng, .’*6 

j Wood x\ <u king, nia< lnofi v.speedsof 2()9 

j Hull..- hthi-c Regulations, 371 

) W'uiking a ^ Imping a/id moulding 
■lime, 2KK 

— f irt u Iur saxxs, J 98 

— siixx fiames, 20 1 
Workshop, es I rile, 263 


rUIMLl; IS 111. A i ni'.IT \ |N m TIIK Will rKPKIAKS 1'KI’S.S, LTI» , 
iomvjn ami roMuanuc. 



® THE PREMIER © 


Hand and Roller Feed Surface 
Planing, Thicknessing, Moulding, etc. 
Machine 



T HIS is an all-round machine, and will perform a 
large number of operations rapidly, cheaply and 
well. The machine is easy to set up and operate, 
and requires few changes. The range of operations 
which can be done without change of cutters includes 
making glue joints, surfacing straight or taper work, 
wide or narrow bevelling, chamfering, stop chamfer- 
ing, cornering, rebating, squaring up, planing at an 
angle to the side, thicknessing panels and boards, and 
general planing from jV ; to 9” thick at varying speeds. 

The machine is also suitable for sticking beads, sash 
material and mouldings, tonguing, grooving, etc. 


J. SAGAR & CO., Ltd. 

Canal Works, HALIFAX 


LONDON : 
Aldermary House, 
60, Wading St.. 
E.C.4. 


BIRMINGHAM: 
Chamber of < 
Commerce Buildings, 
New St. 


GLASGOW : 
170, Hope “ 


St. 


A D I r ER 11 SE M EX TS . 


WOOD-WORKING 

AND 

CASK-MAKING 

MACHINERY 



FA'JFXT HORIZONTAL LOo RAND SAW. 


Also machines for — 

Felling and Cross-cutting: Trees, 
Railway Carriages and Wagons. 
Railway Sleepers and Keys, 
Flooring and Matchboarding. 
Shipbuilders. 

Estate Work. 

Builders and Contractors. 

Box and Packing Case Makers. 
Joiners and Cabinet-makers. 
Furniture Makers. 

Wood Paving Blocks. 

Sharpening Saws and Cutters. 


A. RANSOME & CO., Ltd. 

NEWARK-ON-TRENT. ENGLAND. 

London Office: 63, QUEEN VICTORIA STREET, E.C. 4. 
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Acetylene Lighting. Gd>K. Crown Svo .... 10s 6d 
Aerial Navigation. Dumhletnn. Demy Svo .... 12s 6d 

Aerial or Wire-rope Ways. Wallm-Tayler. Demy Svo 12s 6d 

Aeroplane Construction. Camm. Demy Svo ... *Js 6d 
Agricultural Arithmetic. Newshuin. ( mwn Svo 5s 

Agricultural Facts and Figures. M 'Connell. Fcap. S\o 15s 

Agricultural Geology. M 'Coniull. Svo .... . 21s 

Agricultural Surveyor's Handbook. 1 bight, leap. Svo 8s 6d 

Agricultural Tenancies. Curtin ami Gordon. Demy Svo 10s 6d 

Agricultural Valuer's Assistant. Bright. Crown Svo . 7s 6d 

Agriculture. Wright-on ami NVwshum. Med. ftvo 12s 6d 

Air Screws. Kiadi. Demy S\.. . . . 10s 6d 

Aircraft Identification Book. Matthews. F'eap. S\o . 3s 6d 

Alphabets, Ancient. DHamoite. Oblong Koval Svo. . . 6s 

Alphabets, Modern. Dvlamottr. Oblong Koval Svo . . 6s 

Alphabets and Initials, Mediaeval. Delamotte. Small .{to 6s 

Alternating Currents. I.aimr. Crown Sm> .6s 

Alternating Currents. K- mpo. Ciown Svo ... 4s 6d 

Aluminium Repairing. Pl. it. Ciown S\o ... 3s 

Architectural Perspective. Fhrguson. Svo ... .5s 

Architecture, Mechanics of. Earn. Crown Svo 8s 6d 

Asphalts and Allied Substances. Abraham. Denn Svo 42s 

Assaying, Gold. Philip Large C rown Svo 8s 6d 

Astronomical Glossary. Gore. Small Crown Svo 3s 6d 

Auctioneers : their Duties and Liabilities. Spuibbs. Demy Svo 15s 

Aviation A, B, C. Page. Medium Svo 15s 

Aviation Pocket Book. Matthews. Crown 8vo 12s 6d 

Aviation Engines. Page. Medium Svo 18s 

Aviation Terms (Glossary of). Page and Monlariol. Cr. Svo 6s 

Aviation Chart. Page. Pocket-size 2s 6d 

Beams : Experiments on. Guy. Medium Svo .... 9s 

Bee-Keeping: ifvery Step in. D-mghms. Laige Crown S\o 6s. 

Bees for Pleasure and Profit. Summon. C rown Syo 3s 6d 

Blast’ Furnace Calculations. Stevenson. Fcap. 8vo ... 6s 
Blowpipe in Chemistry, Mineralogy, &c. Koss. Crown 8\ r o . 6s 

Boiler Construction. Hutton. Medium Svo . . . . 21s 

Boiler Making and Plating. Horner. Large Crown Svo 12s 6d 
Boilers : The Lancashire Boiler. Wansbrough. Demy Svo . 6s 


All Published t 'rices are net. 
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Boilers. Wilson. i2mo 

Boilers, Economisers and Superheaters. Smith. I)emy 8vo 9 <k 

Boot* Repairing. Lawrence-Lord. Crown 8vo .... 5s 
Bread and Biscuit Baker’s Assistant. Wells. Crown 8vo . . . 2 s 

Breakfast Dishes. Allen. Fcap. 8vo * Is 

Brewing. Wright. Large Crown 8vo -‘15 s 

Bricklaying. Hammond. Crown Svo 2 s 6d 

Bricks and Tiles. Dobson and Searle. Crown 8vo 7 s 6s 

B lick work. * Walker. Crown 8vo 2 s 6d 

Bridge Construction in Cast and Wrought Iron. Humber. 4I0 £6 16 s 6d 
Bridges, Oblique. Watson Buck. Royal 8vo 12 s 6d 

Builders’ Accounts. Keen. Crown 8vo 5 S 

Builders’ Calculator. Smith, y" x 3" . 2 s 6d 

Building Construction. Allen. Medium 8vo 9 s . 

Building Inspection. Purchase. Crown 8vo .... 3 s 6d 

Building : Art of. All. n. Crown 8vo 6s 

Building -Every Man His Own Builder. Samson. I)emy 8vo . 15 s 

Bungalow Residences. Harrison. Demy 8vo . 7 s 6d 

Cabinet Maker’s Guide. Bitmead. Crown 8vo . 3 s 6d 

Calculator, Number; Weight and Fractional. Chadwick. 8\o . 25 s 

Calculator (Weight). •Ilurben. Royal 8vo .... £1 5 s 

Carburation. Brewer. JVmv 8vo . . . Xew l£d. X early Ready 

Carburettor : Gasolene and Kerosene. Page. Ciown 8vo 12 s 

Carpentry and Joinery. Tredgold Crown 8vo .... 6s 
Chemical Analysis (Standard Methods of). Scott. Royal 8vo 52 s 6d 
Chemical Synonyms and Trade Names. <>aidm r Royal 8v<> . 25 s 

Chemical Technology (Manuals of). Edited by Martin. Royal 8vo 

I. Dyestuffs and Coal-Tar Products 9 s 

II. The Rare Earth Industry 9 s 

III. Industrial Nitrogen Compounds and Explosives 9 s 

IV. Chlorine and Chlorine Products 9 s 

V. Sulphuric Acid and Sulphur Products .... 9 s 

VI. The Salt and Alkali Industry 9 s 

VII. Industrial Gases 9 s 

IX. Oils, Fats and Waxes 12 s 6d 

• X. Perfumes, Essential Oils and Fruit Essences 12 s 6d 

Chemistry (Applied). Tinkler and Masters. Medium 8vo . 12 s 6d 

Chemistry (The Elements of). Bassett. Crown 8vo ... 5 s 
Chemisti’y, Practical. Martin. ( rnwn S\o .... 2 s 6d 
Chemistry - Industrial *and Manufacturing Chemistry : Part I.— 

Organic. Martin. Royal 8vo £1 16 s 

Chemistry -Industrial and Manufacturing Chemistry ? Part II. — 

Inorganic. Martin Royal Svo. In 2 Volumes. Per vol. 28 s 
Civil Engineering D.esign. Barber. Demy 8vo » 7 s* 6 d 

Civil Engineering Geology. Fox. Royal 8\o 18 s 

Cleft of Works. Metson. Crown Svo . • 3 s 6d 

Clock Repairing and Making. Garrard. Crown Svo ... 6s 
Coal and Iron Industries of the United Kingdom. Meade. 8vo £1 8s 
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Coal Mining. Glover. Crown 8 vo . . 2s 

Coal Mining, Practical. Cockin. Crown 8 vo . r 6 s 

Coal Mining Notes and Formulae for Students. Merivalc. Small' 

Crown 8 vo 3s 6 d 

Cocoanut Cultivation. Coghlan and Hincliley. Sin. Crown 8 vo 4s 
Coking Practice. Byrom and Christ ophei — 

Volume T. Raw Materials and Coke. Demy 8 vo . 10s 6 d 

Volume II. By-Products. Demy 8 vo . 10s 6 d 

Colliery Working and Management. Bulman and Redmaync. • 

Medium 8 vo New Ed. Preparing 

Colorimetric Analysis. Smll. Demy 8 \o .... 10s 6 d 

Commerce, Lessons in. Gambaro. Ciown 8 vo .... 5s 
Commercial Correspondent, Foreign. Bakei. Ciown 8 vo . 7/s 6 d 

Compressed Air Work and Diving. Boycott. Medium 8 v<» 10s 6 d 

Concrete : its Nature and Uses. SuteliHe. Crown Mo 10 s 6 d 

Concrete for House, Farm, and Estate. Balia id. Demy 8 vo 3s 6 d 
Confectioner, Modern Flour. Wells. Crown Mo .... 2s 
Confectionery, Ornamental. Wells. Ciown Mo 7s 6 d 

Continuous Railway Brakes. Reynolds. Svo .... 9s 
Controllers for Electric Motors. Jame>. D* my Mo . 21s 

Cotton Industry. Ciabtm. Ciown M’o * . 6 s 

Creation, The Twin Records of. L«- Vaux. Mo . . . . . 5s 

Curves, Tables of Tangential Angles and Multiples. Bea/ek y £s 

Dairying (British and Colonial). Sutheihind Thom-on. Demy 8 vo 9s 
Dairying Industry. Sutherland '1 Iiouimui. D< mv Mo 10s 6 d 

Damp Walls. B!..ki . Crown 8 \o 8 s 6 d 

Dangerous Goods. Aeb\ Ro\ulM<» 30s 

Dangerous Goods. Phillips. Crown 8 vo .... 10s 6 d 

Decorator’s Assistant. Small Crown 8 vo .... 2s 6 d 

Deep-Level Mines of the Rand. Denny. Royal 8 \o . . 25s 

Dentistry (Mechanical). Hunter. Crown Svo .... 6 s 
Diesel Engine. Wells & Wallis-Taylor. Mo . A cw Ld. Nearly Ready 

Dog Book. Bructto. S , 5 J 16s 

Dredges and Dredging, Brclini. Royal Mo 21s 

Drilling for Gold and Other Minerals. Denny. Mtdium Mo 12s 6 d 
Dynamo (How to Make), ( rolls. Crown Mo ... 2s 6 d 
Dynamos (Alternating and Direct Current). Sewell. Ege.Cr. 8 vo 7s 6 d 
Dynamos (Management of). Eummis-Pat orson. Ciown 8 vo 6 s 

Earthenware, The Manufacture of. Sandcman., Crown 8 vo 12s 
Earthwork Diagrams. Erddne-Murray and Kirton. 5s ; mounted, 7s 6 d 

Earthwork Manual. Graham. i 8 mo 3s 6 d 

Earthwork Tables. Broadbenl and Campin. Crown .Svo . 6 s 

Earthwork Tables. Burk. On a sheet . ... 3s 6 d 

Electric Light. Urquhart. ( rown 8 vo ...... 7s 6 d 

Electric Light Fitting. Urquhart. Crown 8 vo . 5 s 

Electric Light for Country Houses. Knight. Crown 8 vo . Is 6 d 
Electric Lighting and Starting for Motor Cars. Cross. Demy 8 vo . 28s 

Electric Lighting and Heating. Walker. Reap. 8 vo ... 5s 
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Electric Motors. Crocker and Arendt. Medium 8vo . . IBs 

Eleetric Power Stations. Klingenberg. Crown ^to 28s 

Electric Power Station : A 130,000-Kilowatt Power Station. 

Klingenberg. Crown 4I0 . • . . . 21s 

Electric Spark Ignition in Internal Combustion Engines. Morgan. .• 

Medium 8vo . 6s 

Electric Traction and Transmission Engineering. Sheldon and 

IJausmann. Large Crown Svo 21s 

Electric Wiring Diagrams and Switchboards. Harriwm. C rown 

Svo 12s 6d 

Electrical Circuits and Connections. Bowker. Medium Svo 15s 

Electrical Dictionary. Sloane. Large Crown Svo . 21s 

Electrical Distribution : Conductors. lVrrine. Koval Svo . 21s 1 

Electrical Engineering (Elementary). Alexander. Crown Svo . 5s 

Electrical Engineering. Sewell. Large Crown Svo . . 7s 6d 

Electrical Horology. Langnran and Ball. Crown Svo . 7s 6d 

Electrical Installation Work. Havelock. Demy Svo . 15s 

Electrical Transmission of Energy. Abbott. Royal Svo 30s 

Electrical Transmission of Energy -Three-Phase Transmission. 

Brew. Demy 8yo New Ed. Preparing 

Electrical and Magnetic Calculations. Atkinson. Crown Svo 12s 

Electricity jis Applied to Mining. Lupton. Medium Svo . 12s 6d 

Electricity in Factories and Workshops. Haslam. Large Cr. Svo 8s 6d 
Electro-Plating. Urquhart. Crown Svo 7s 6d 


Electro-Plating. Watt. Crown Svo 5s 

Electro-Plating and Electro-Refining of Metals. Watt and Philip. 

Large Crown Svo 15s 

Electro-Typing. Urquhart. Crown Svo 5s 

Embroiderer’s Book of Design. Pelamotto. Oblong Svo . 3s 


Engineering Drawing. Max ton and Malden. Crown Svo 8 s 6d 

Engineering Progress (1863-6). Humber. Imperial 4to, half 

morocco .... Price £12 12s ; each volume, £3 3s 
Engineering Workshop Handbook. Pull. Royal it>mo . 3s 6d 
Engineer’s Handbook (Practical!. Hutton. Medium Svo . 21s 

Engineer’s Measuring Tools. Pull. Crown Svo ... 4s 6d 
Engineer’s and Millwright’s Assistant. Templeton. iSmo . 3s 

Engineer’s Year-Book. Kempt*. Crown Svo . Annually 30s 
Engineering Standards Association’s Reports and Specifications. 

• Separate List on Application 

Entropy as a Tangible Conception. Wheeler. Demy Svo 8 s 6d 
Excavation (Earth and Rock). Prelini. Royal Svo* . 21s 

Explosives — High Explosives. Col \ or. Royal Svo £3 3s 

Explosives — Nitro-Exj51osives. Sanford. Demy Svo ; % 12s 

Factory Accounts. * Garcke and Fells*. Demy Svo 15s 

Fawn Account Book. Woodman. Folio .... 10s 6d 

Farm Gas Engines. Brute. Crown Svo . . - * • 6s 6d 

Farmers’ Tables and Memoranda. Francis. Waist coat- pocket size 2s 6d 
Farmers’ Labour and Account Book. Dally. Fcap. Folio . 6s 
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Farming, Practical. Shepherd. Demy 8vo 5s 

Fertilizing Materials, Mining and Manufacture. Lloyd. Crown 8vo 12s 
Fire Protection in Buildings. Holt. Demy 8vo . . 9s 

Forcing Garden. Wood. Crown 8vo 4s 

Foreshores. Latham. Crown 8vo .. 2s 6d 

Forestry, Practical. Curtis. Crown 8vo . . 6s 

Forestry : Complete Yield Tables for. Maw. Oblong . 7s 6d 

French Conversation, Guide to. De Liras. 321110 2s fid 

French Grammar : De Fivas’ New Grammar of French Grammars 2s 6d 

Key to the Above 3s 6d 

French For Beginners. De Liras. Leap 8vo ... Is 6d 

French Language : Introduction. De Liras. Crown 8ro . 2s 6d 

French Polishing. Bitmead Crown 8ro .... 2fe 6d 

Fretcutting, The Art of Modern. Makinson. Crown 8ro . 2s 6d 

Founders’ Manual. Payne. Crown 8rc» 24s 

Fruit Growing. Douglass. Large Crown 8ro 7s 6d 

Gas Engine Handbook. Roberts. Crown 8ro 12s 6d 

Gas Engineers’ Pocket-Book. O’Connor. Crown 8ro Seva Ed. Preparing 
Gas Manufacture, Chemistry of. Rovle. Demy 8vo 16s 

Gas Producer and Blast Furnace Combustion. Kmeraar 

Demy 8 vo Nea.ly Ready 

Gas and Oil Engine Management. Bale. Crown Svo 3s 6d 

Gasfitting and Appliances. Briggs and Henwood. Crown Svo . 6s 
Geometry of Compasses. Byrne. Crown 8ro ... 3s 6d 

Geometry for Technical Students. Sprague. Crown 8ro Is 6d 

Gold Extraction, Cyanide Process of. Eii-.sk r. 8ro 8s 6d 

Gold, Metallurgy of. Eissler. Medium 8ro 25s 

Gold Mining Machinery. Tinney. Medium 8ro . 12s 6d 

Gold Working : Jeweller’s Assistant. Gee. Crown 8ro 8s 6d 

Goldsmith’s Handbook. Gee. Crown Sro 6s 

Granites and our Granite Industries. Harris. Crown 8vo . . 3s 

Grazing. The Complete Grazier, and Farmer’s and Cattle Breeder’s 

Assistant. Youatt. Lream and Bear. Royal 8ro . . 36s 

Hand Sketching for Mining Students. Lodge and Harwood. 

Oblong Demy 4to 5s 

Handybooks for Handicrafts. Hasluck. Crown 8ro. 

Metal Turner’s Handy book Is 6d 

Wood Turner’s Handy book Is 6d 

Watch Jobber’s Handybook Is 6d 

Pattern Maker’s Handybook Is 6d 

Mechanic’s Workshop Handybook Is 6d 

Model Engineer’s Handybook Is 6d 

. Clock Jobber’s Handybook . Is 6d 

Cabinet Worker’s Handybook Is 6d 

Woodworker’s Handybook Is 6d 

Heat, Expansion of Structures by. Keily. Crown Svo . 4s 

Hoisting Machinery. Horner. Crown 8vo .... 8s 6d 

Horticultural Note-Book. Newsham. Leap. Svo ... 7s 6d 


All Published Prices are net . 
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Hot Water and Steam Heating and Ventilation. King. Me d. 8vo 21s 
House Owner’s Estimator. Simon. Crown 8vo .... 4s 
House Painting. Davidson. Crown 8vo ... 7s 6d 

House Planning - How to Plan a House.* Samson. Ciown 8vo • 6s 

House Property. Tarbuck. umo 7s 6d 

Houses for the Community. James and Yerlmrv . IS early Ready 
Houses, Villas, Cottages, and Bungalows for Britishers and 

Americans Abroad. Samson. Demy Svo ... 7s 6d 

hydrostatics and Pneumatics, Handbook of. Lardner. Post 8vo 5s 
Illuminating and Missal Painting. Whithard. Crown 8vo . 6s 
Illumination, Art of. Delamotte. Sjnall .jto ... 7s 6d 

Inflammable Gas and Vapour in the Air. Clowes. Crown 8vn 6s 

Interest Calculator. Campbell. Crown 8vo 3s* 

Internal Combustion Engines. Carpenter. Medium 8vo 30s ‘ 

Internal Combustion Engines. Institute ol Marine Kiu-mns 

Demy Svo 12s 6d 

Inwood’s Tables for Purchasing Estates. Schooling. Demy 8vo 

New and / \lcndid Edition Nearly Ready 

Iron and Metal Trades Companion. Dowmc 9s 

Iron Ores of Great Britain and Ireland. Kendall. Crown 8vo 18s 

Iron-Plate Weight Tables. Bnrliiison and Simpson. 4to . 25s 

Irrigation (Pioneer). M.nvson. Ik my 8vo .... 12s 6d 

Jigs, Tools and Fixtures (Drawing and Design). Gates. 

Crown 8 vo 8s 6d 

Journalism. Maclde. Crown Svo 2s 6d 

Labour Disputes, Conciliation and Arbitration in. Jeans. C rown 8\ o 2s 6d 

Land Ready Reckoner. Arman (V-wn Mo 4s 

Land Valuer’s Assistant. Hudson. Koval 321110 ... 4s 6d 
Lathe Design, Construction, and Operation. Perrigo. Med. 8\o 18s 
Lathe Work, llasluck. Crown Svo .... 6s 

Law : Every Man’s Own Lawyer. Barrister. Large Ciown 8vo . 15s 

Lead, Metallurgy of. Pansier. Crown Svo 15s 

Leather Chemistry. Harvey. Demy Svo 15s 

Leather Manufacture. Watt. 8v« . .... 15s 

Letter Painting. Badenock and Prior Ciown 8\o 2s 

Light and Colour in Advertising and Merchandising. Lurkiesh. 

Demy S\o . • 16s 

Lightning Conductors, Modern. Hedges. Medium 8vo . 8s 

Limes and Cements* Dancaster. Large Crown Svo 7s 6d 

Liquid Fuels for Internal Combustion Engines. Moore. Demy 8vo 15s 
Lockwood’s Builder’s Price Book. Crown Svo . • . Annually 7s 6d 

Locomotive Engine. Weatherburn. Crown Svo . 3s 6d 

Locomotive Engine* Development. Stretton Crown Svo . 5s 

Machine, Shop Tools. Van Dcrvoort. Medium Svo . * . 25s 

Magnetos for Automobilists. Bottom*. Crown 8v< 2s 6d 

Marble and Marble Working. Rcnwick. Medium s vo» 16s 

Marble Decoration. Blagrove. Crown Svo 4fl 

Marine Engineer’s Pocket-Book. Wan nan. 18 mo . 7s 6d 

All Published Prices are net. 
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Marine Engineers’ “ Verbal ” Notes and Sketches. Sothern. .Med. 8vo 40s 
Marine Engineering. Wheeler. Royal Nvo. In 2 Nearly ltc/idv 

Marine Engines and Boilers. Bauer. Medium 8vo OnloJ Slock 
Marine Gas Engines. Clark .Crown 8vo .... 10s 6d 

Marine Steam Turbine. Soihern. Medium Nvo .... 40s 

Marihe Steam Turbines. Bauer. Medium Svo Out of Slock 

Marine Works. Latham. Demy 8vo ... 16s 

Masonry, Purchase Koval 8vo 9s 

Masonry Dams from Inception to Completion. Courtney. ' 8vo 10s 6d 
Measures (British and American). Foley. Folio ... 8s 6d 
Mechanical Engineering Terms (Lockwood’s Dictionary of). 

llorner. Crown Nvo 9s 

* Mechanical Engineer’s Pocket-Book. Clark and I Wles. Small 8vo ’ 

New Ed. Preparing 

Mechanical Handling and Storing of Material. Zimmer. Royal 8vo 63s 
Mechanics Condensed. Hughes. Crown Svo ... 2s 6d 

Mechanics of Air Machinery. Wcisbacli. Royal Svo . 25s 

Mechanics’ Workshop Companion. Templeton & Hutton. Fcp.8vo 7s 6d 
Mensuration and Gauging. Mai it. i8mo . . .4s 

Mercantile Calculation Tables. Kirch nor. .|to . £3 3s 

Metal Plate Work (Principles and Processes). Barrett. Crown 8co 3s 6d 

Metal-Turning. Horner. Large Crown Svo 12s 6d 

Metallurgical Analysis (Technical Methods of). Scott. Roy N\<> £2 2s 
Metals and their Alloys. Vicki r< and Bruimt. Royal Svo £2 10s 

Metrology, Modern. Jackson. Large Crown Svo 12s 6d 

Military Observation Balloons. Widmer. Crown S\o 16s 

Milling Machines. Horner. Medium Svo 15s 

Mine Drainage. Michell. Koval Svo 25s 

Mine Rescue Work and Organization. Bui man and Mills. Demy Svo 12s 
Mine Wagon and its Lubrication. Pamely. Medium Svo . 7s 6d 

Minerals and Mining (Earthy). Davies. Crown Svo . * . 12s 6d 

Minerals and Mining (Metalliferous). Davies. Large Crown Svo 12s 6d 
Miners and Metallurgists, Pocket-Book for. Power. Fcap. Svo 7s 6d 

Mining. British. Hunt. Super Royal Svo 42s 

Mining Calculations. O’Donahue. Crown Svo ... 3s 6d 

Mining Examination Questions (1,200). Kerr. Demv Svo 2s 6cl 

Mining, Physics and Chemistry of. Byrom. Crown Svo 6s 

Mining : Machinery for Metalliferous Mines. Davies. Medium Svo 25s 
Motor Car Catechism. Knight. Crown Svo . , . 3s 6d 

Motor Car Construction. Brewer. Demy 8vo .... 9s 
Motor Car Mechanism and Management. Shepherd, u N\ o 4s 6d 
Motor Cycle Overhauling. Shepherd. Crown Svo . 2s 6d 

Motor Lorry Design Construction. Schaefer. Medium Svo 18s 

MotCf Vehicles. Fraser and Jones. Medium Svo 16s 

Museum of Science and Art. Lardner 21s 

Naval Architect’s and Shipbuilder’s Pocket-Book. Mackrow and 

Woollard. Fcap. Svo 16s 

Oil Field Exploration and Development. Thompson Nearly Ready 

All Published Prices are net. 
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Oil Palm Cultivation. Milligan. Small Crown Nvo -'3s 

Or* Deposits of South Africa. Johnson. 

Part II. -The Witwatersrand and Pilgrimsrest Goldfields and 

Similar Occurrences. Demv Nv<* ‘5s 

Packing-Case Tables. Riehanbou. Oblong 4t<> . . 5s 

Painting for the Imitation of Woods and Marbles. Win dm lhirg. 

Koval Folio £3 3s 

Paints : Thei? Chemistry and Technology. Tocli Royal Nvo 25s 
P^aper and its Uses. Dawe. Crown Nvo 8s 6d 

Paper-Making. CInpperton. Crown N\«. 7s 6d 

Paper-Making. Watt. Crown Nvo 8s 6d 

Paper-Making, Chapters on. Beadle. 5 voN Own S\o. ]\*r vol. 6s 
Pastrycook and Confectioner’s Guide. Wells, (down Nvo . 2s* 

Pattern Making. Barrows. Crown Nvo 12s 6d 

Pattern Making. Ilorner. Large Crown Nvo New Ed. X early Ready 
Perfumes and Cosmetics. Askinson Medium N\o 30s 

Petrol Air Gas. O'Connor. Crown 8vo 2s 6d 

Petroleum and its Substitutes, Chemistry of. Tinkler and Chal- 
lenger. Medijim Nvo 15s 

Petroleum. Oil Fietyls of Russia and the Russian Petroleum 

Industry. Beeby Thompson. Royal Nvo .... 21s 

Pigs and Bacon* Curing. Davies. Crown Su. . 4s 6d 

Pigments. An Artist’s Manual. Standage. Crown Nvo 3s 

Plumbing. Blake. Crown Nvo. In j \oK . . each 6s 

Portland Cement Industry. Brown. Medium Nvo New Ed. Preparing 
Portland Cement, The Modern Manufacture of. West. Koval Nvo. 

In 2 volumes New Ed Preparing 

Pot Plant Culture. Davidson. Crown Nvo 5s 

Poultry Farming : Commercial. Toovev. Crown Nvo ... 6s 
Producer Gas Practice (American) and Industrial Gas Engineering. 

Lattn. Demy 4to 30s 

Propagation and Pruning. NewMiam. Demy Nvo ... 6s 

Prospecting. Merritt, heap. Nvo 6s 

Prospecting for. Gold. Rankin. Leap. Nvo .... 7s 6d 
Prospector’s Handbook. Andimon. Mnall (Town Nvo 5s 

Pumps and Pumping. Bale. Crown Nvo 5s 

Punches, Dies, and Tools. Woodworth. Medium Nvo 25s 

Radio and High-Frequency Currents. Ltrnm. (Town N\o 3s 6d 

Radiodynamics. Mic»Mur. Cmwn Nvo 12s 

Radio Communication, Elements of. Stone. Crown Nvo . 15s 

Railway Points and Crossings. Dobson ( mwn Nv*> A early Ready 
Rating and Assessment. Webb. Demv Nvo . ... 15s 

Receipts, Formulas, knd Processes. Hiseox. Medium Nvo m 21s 
Recoil of Guns. Rilusenberger. Translated by Slater. Demy Nvo 12s 6d 
Refrigerating and Ice-Making Pocket-Book. Wallis-Ta /Dr. Cr. Nvo 5s 
Refrigeration, Cold Storage, and Ice-Making. W allis-Taylcr* Med. 8 vo 15s 
Reinforced Concrete Design Simplified. Gammon N: Dyson. Crown 4to 15s 
Road Construction and Maintenance. Goldsmith. Medium Nvo 21s 


All Published Prices are net. 
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Roads : The Making of Highroads. Carey. Crown 8 vo 3s 6 d 

Roof Carpentry. Codings. Crown 8 vo . 2s' 6 d 

Rothamsted Experiments. Tipper. Crown 8 vo .... 4s 

Rubber Hand Stamps. Sloane. Square 8 vo . 7s 6 d 

Rubber Planter’s Note-Book. Bmham. Ecap. 8 vo ... 5s 

Safj Railway Working. Strctton. Crown 8 vo ... 4s 6 a 

Safe Use of Steam. By an Engineer ... . . 6 d 

Sailmaking. Sadler, qto 12s 6 d 

Sanitation, Water Supply, and Sewage Disposal of Country Houses. 

tierliard. Ciown 8 vo 12s 6 d 

Savouries and Sweets. Mi^ Allen. Ecap 8 vo . . Is 

Saw Mills. Half. Demy Svo .... Xnc hd X curly Rcqdv 
Screw Cutting for Engineers. Pull. Crown 8 vo ... 2s 6 d 
Screw Threads. Hasluck. Waisteoat-pocket size ... 2s 

Sea Terms, Phrases, and Words. Pirrie. Ecap. Sv<> . 7s 6 d 

Sewage, Purification of. Barwise. Demy Svo ... 12s 6 d 

Sewerage Hydraulics, ‘ ok-mau. DuuySvo . 10s 6 d 

Sewerage of Sea Coast Towns. Adam*. Demy Svo ... 6 s 

Sewerage Systems. Watson and Herbert. Royal Svo . 12s 6 d 

Sheet Metal Worker’s Instructor. Warn and Horyer. Crown Svo 8 s 6 d 
Shipbuilding Industry of Germany. I'elskow^ki. Super Royal 4 to 10s 6 d 
Silver, The Metallurgy of. Filler. Crown Svo ... 12s 6 d 

Slide Rule, lloare. Sm. Crown Svo 4s. 

Smoley’s Tables^l. Logarithms and Squares .27s 

2. Slopes and Rises 24s 

3. Logarithmic-Trigonometric Tables 6 s 

Soap : Modern Soap and Detergent Industry. Martin, B<>\ilSvo. 

Vo] 1 Theory and Practice of Soap-Making . 36s 

Soap-Making. Watt. Crown Svo 9s 

Soap-Making Manual. Thomson. (/ x qj". . 12s 6 d 

Soaps, Candles, and Glycerine. Lam horn. Medium Svt 54s 

Solubilities of Inorganic and Organic Substances. Seidell. Med. Svo 45s 
Spanish Grammar and Reader. Kortli. Ecap. Svo 2s 6 d 

Specifications in Detail. Maccy and Allen. Royal Svq 30s 

Specifications for Practical Architecture. Bartholomew. Revised 

by Rogers. Svo 16s 

Stanley, William Ford : His Life and Work. Inwards. Demy Svo 2s 6 d 

Stationary Engines. Hurst. Crown Svo 2s 

Steam : The Application of Highly Superheated Steam to Loco- 
motives. Garbe. Edited by Robertson. Medium Svo . 9s 
Steam Engine. Harder and Powles. Crown Svo . 10s 6 d 

Steam Engine. Goode vc. Crown Svo 6 s 6 d 

Steam Engine (Portable). Wansbrough. Demy 'Svo ... 6 s 
Steam Engineering in Theory and Practice. HLscox and Harrison. 

Medium Svo 21s 

Steel Research Committee’s Report. Fcap. Folio 31s 6 d 

Steel Square Applied to Roof Construction. Dr.q er. Crown 

Svo 2s 6 d 


All Published Prices are net. 
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Steel Thermal Treatment. Urquhart. Medium 8vo 
Steel-: Elliott’s Weights of Steel. Medium 8vo 
Stockowner’s Veterinary Aid. Archer. Crown 8vo 
Stone Quarrying— Practical. Greenwcll hud Elsdcn. 

Stone Working Machinery. Bale. Crown Svo 
Strains, Handy Book for the Calculation of. Humber 
Strains on Structures of Ironwork. Shields. 8vo . 
Streamline* Hite Balloons. Sumner. Medium 8vo 
-Structural Engineer’s Pocket Book. Andrews. Cn.wn Svo 
Submarine Torpedo Boat. Hoar. Crown Svo 
Superficial Measurement. Hawkings. Crown Svo 
Survey Practice. Jackson. Svo 


. 3&s 
£2 10 s 
- . 7s 6d 

Med. Svo ' 15s 
10s 6d 

Ciown Svo 7s 6d 

10s 6d 
. 18s 

12s 
4s 

12s 6d 


Surveying. Whitelaw. Demy Svo . . AY «■/.,/ yearly Ready*' 

Surveying for Settlers. Cm^ey. Small Crown Svo . 7s 6d 

Surveying Sheets for Professional and Educational Use. Oblong 

Koval Svo Is 6d 

Surveying, Land and Marine. Ilaskoll. Large Crown Svo . 9s 
Surveying, Land and Mining. Leyton. Large Crown Svo . 8s 6d 

Surveying, Practical. lYill and LeMon. Large Crown Svo . 7s 6d 

Suryeying with the Tacheometer. Kennedy. Demv Svo . 12s 6d 

Surveyor’s Field Book for Engineers and Mining Surveyors. 

Haskijll. Prown Svo 12s 6d 

Tanning Materials & Extract Manufacture. Harvey. Demv 8vo 15s 
Tanning (Practical). Rogers and Flemming. Medium Svo £2 5s 
Tannins (Synthetic). Grader and Enna. Demy Svo . 12s 

Tea Machinery and Tea Factories. Walhs-T.iyler. Medium Svo 28s 
Technical Guide, Measurer, and Estimator. Beaton. Waistcoat- 

pocket size 2s 

Technical Terms : English-French, French English. Fletcher. 

Waistcoat-poc ket size 2s 

Technical Terms: English German, German English. Homel- 
and Holtzmann. W’nKteoat-poeket size . 3s 6d 

Technical Terms : English Spanish, Spanish-English. Monteverde. 

Waistcoat -pocket size . . 3s 

Telephones : their Construction, Installation, Wiring, Operation, 

and Maintenance. Kadi liffo and Cushing. Leap. 8vo . 9s 

Telephones : Field Telephones and Telegraphs for Army Use. 

Stevens. Crown S' 3s 

Timber Merchant. dtt chart Ison. Fcap. Svo .... 4s 
Timber Merchant’s Companion. Dowsing. Crown Svo 3s 6d 

Tools for Engineers and Woodworkers, llorin r. •Demy Svo 10s 6d 
Traverse Tables. ‘ Lintern. Small Crown Svo 3s 6d 

Tropical Agriculture. Johnson. Demy Svo . ■ . 

Tunnelling. Prelim and Hill. Royal Svo 18s 

Tunnelling, Practical. Simms and Clark. Imp. Svo . . . 218- 

Tunnel Shafts. Buck. Svo .• . 12s 6d 

Ultraviolet Radiation. Luckiesh. Medium S\o . .21s 

Upholstering. Bitmead. Crown Svo 2s 6d 


All Published Prices are net. 
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Urban Traffic, Principles of. Stone. Crown 8vo . . 3s 6d 

Valuation of Real Property. Webb and Runnings. Demy 8vo . • 

New Ed. Preparing 

Valuation of Real Property. Lam putt. Crown Svo 2s 6d 

Valuation, Tabular Aids to. M’Caw and Lyons. Crown Svo 5s 
Vegetable Culture. Davidson. Crown Svo . . . 4s 6& 

Wages Tables. Garbutt. Square Crown Svo .... 6s 
Watchmaker’s Handbook. Saunier. Crown 8\o . 12s 6d 

Watch Repairing. Garrard. Crown Svo (3s- 

Water Engineering. Slagg. Crown Svo 7s 6d 

Water, Flow of. Schmeei. Medium Svo 18s 

Water Supplies. Rideal. Demy Svo 8^ 6d 

Water Supplies (Emergency.) Thompson Medium Svo Nearly Heady 
Water Supply of Cities and Towns. Dumber. Imp. qt > . £6 6s 

Water Supply (Rural). Greenwell and Curry. Crown Svo . 6s 
Water Supply of Towns and the Construction of Waterworks. 

Burton. Super Royal Svo 28s 

Weight Calculator. Harben. Royal Svo 25s 

Wire Ropes for Hoisting. Ciown qto 20s 

Wireless Telegraphy. En>kine-Murray. Demy Svq New Ed . Preparing 
Wireless Telegraphy (Framework of). Gnllrtti. Demv Svo. 4s 6 

Wireless Telephones. Krskinc-Murray. Crown Svo 4s 6d 

Wireless Telephony. Ruluner. Demy Svo 10s 6d 

Wood, The Seasoning of. Wagner. Royal Svo .... 21s 

Wood-Carving for Amateurs. By a Lady. Crown Svo 2s 6d 

Woodworking Machinery. Bale. Large Crown Svo . 10s 6d 

Woodworking Machinery for Small Workshops. Ball. Crown Svo 3s 6d 
Workshop Practice, Modern. Pull. Large Crown Svo . 16s 

Works Manager’s Handbook. Hutton. Medium Svo 18s 


All Published Prices are net. 
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PRACTICAL HANDBOOKS FOR HOME STUDY. 


Issued by THE AMERICAN TECHNICAL SOCIETY. 
Agents: CROSBY LOCKWOOD & SON. 


NOTE.—rTlf Prices herein quoted arc based on American Prices , 
m % therefore subject to revision without notice. 

Air Brake. Ludv . * 

Alternating-Current Machinery, lusty 

Architectural Drawing and Lettering, lion rue. 

Armature Winding. Mnreton - . 

Automobile Construction and Repair. Thill 

Automobile Ignition, Starting and Lighting. Hayward . 

Bank Bookkeeping. Sweet land 

Blueprint Reading, brnriiekl and Ktmson .... 

Bridge Engineering — Roof Trusses. Dufoni .... 
Building and Flying an Aeroplane. Il.iywaid 

Building Code. l-'u^patTick 

Building Superintendence. Nu.1k.Js 

Building Superintendence for Reinforced Concrete Structures. !’<> t 
Building Superintendence for Steel Structures. Iklden . 

Business English and Correspondence. I Jarre tt .... 

Carpentry. Townsend .... 

Civil Engineering Specifications and Contracts. A-librulgi 

Commercial Law. Chambeilain 

Compressed Air. Wight man 

Contracts and Specifications. Nuhols 

Corporation Accounts and Voucher System. Gviinth 
Corporation Law. Abbott, Spnnger, and C.ilmoro 

Cotton Spinning, lledruk 

Dams and Weirs. I High 

Descriptive Astronomy. Moulton 

Electric Railways, uaveth 

Electric Lighting. J Jarrk< m 

Electric and Gas Welding. <■ 1 .tve* . . .... 

Electrochemistry and Metallurgy. 1 hnges- ..... 

Electrochemistry and Welding. Burgess 

Elements of Electricity, ’nlhkan 

Elevators. Jallings 

Estimating. Niihols* 

Fire Insurance Law. Ilaujy 

Fireproof Construction, litzpatruh ■•.•#••• 
Ford Car. Rnston ... 

Forging. Jem bug 

Foundry Work. 1*1 ay ... - 

Freehand* and Perspective Drawing. Eveieit ..... 
G&s and Oil Engines and Gas Producers. Marks ^ 

Gasoline Automobile % Loughced 

Gasoline Tractors. Hayward 


and 


7s 6d 
. 15s 

7s 6d 
10s. 
15s 
£! 2 
7s 6d 
10s 
15s 
5s 
7s 6d 
10 s 
7s 6d 
7s 6d 
7s 6d 
7s 6d 
. 10s 

10s 
7s 6d 
7s 6d 
5s 

. 15s 

12s 6d 
. 10s 

. 10s 

7s 6d 
. 10s 

7s 6d 
7s 6d 
. 10s 

7s 6d 
12s 6d 
7s 6d 
. 10s 

12s 6d 
. 10s 

7s 6d 
** 10s 
5s 

12s 6d 
7s 6d 
7s 6d 


All Published Prices arc net 
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Getting a Good Job. Barrett 5s 

Heating and Ventilation. Hubbard , 10s 

Hydraulic Engineering. Turncaure and Black 15s 

Interior Electric Wiring. Nelson 12s 6$ 

Loconlotive Boilers and Engines. Ludy 7s 6ft 

Machine Design. Wallace 10 j 

Machine Drawing. Griffin and Adams 10s 

Machine-Shop Work. Turner and Pcrrigo 12s 6d 

Mechanical Drawing. Kcnison 5s 

Meter Testing and Electrical Measurements. Bushncll and Turnbull 7s 6J 

Modem American Homes. Von Holst 10s 

Modem Land and Submarine Telegraphy. Macomber .... 5s 

Modern Radio Practice. ll.iyw.ml . 10s 

Modern Road Construction. Byrne 7s 6d 

Orders of Architecture. Bourne, Brown and Holst .... 15s 

Oxy-Acetylene Welding Practice. Kell 5s 

Pattern Making. Ritchey and Monroe 7s 6d 

Plumbing. Gray and Ball 7s 6d 

Portfolio of the Orders. Bourne, Brown, and Holst .... 10s 

Power Stations and Transmissions. Shaatl 10s 

Practical Aviation. (.'1ms. B. Hayward 15s 

Practical Bookkeeping. Griffith 7s 6d 

Practical Mathematics. Nobbs and Waite . . 1 . . . 72 6d 

Railroad Engineering. Webb 15s 

Real Property Law. Kales 12s 6d 

Refrigeration. An o wood ... 10s 

Reinforced Concrete. Webb and Gibson . 10s 

Sewers and Drains. Mars ton and Fleming ... 7s 6d 

Sheet Metal Work. Neubcekcr 10s 

Small Motors, Transformers and Electromagnets . 12s 6d 

Stair Building and Steel Square, llodgson 5s 

Standard Legal Forms. Lee 10s 

Steam Boilers, Care and Operation. Kuss ... 7s 6d 

Steam Boilers, Construction and Design. Kuss .... 7s 6d 

Steam Engines. Ludy 10s 

Steam Engine Indicators and Valve Gears. Ludy ... 7s 6d 

Steam Turbines. Lcland 7s 6d 

Steel Construction. Burt 12s 6d 

Storage Batteries. Crocker and Arcndt 7s 6d 

Strength of Materials. Maurer 7s 6d 

Structural Drafting. Jml.nir 5s 

Surveying. Finch . ... .... 10s 

Switchboards. Adams 7s 6d 

Telephony. Miller and M’Mecn .... ... £1 8s 

Tool and Die Design for Beginners. Shailor 7s 6d 

Tool Making. Marknam 10s 

Trigonometry, Plane. McCarty . 5s 

Underwriters’ Requirements or Safe Electrical Installations. Bierce 7s 6d 

Vocational Guidance. MiKum. y-Simons 10s 

Wireless : How to Become a Wireless Operator. Hayward . 10s 


All Published Prices are net. 



. A ELECTED LIST OF .* . 

WEALE’S SCIENTIFIC AND TECHNICAL SERIES. 

Arranged according to Subjects. All these Prices are net. 


Acoustics, Smith (116) . . . 2/6 

gricultural Surveying, Scott (245) 2/6 
nimal Physics, Lardver — 

Part I (183) 4/6 

$ Part II (1 84) .... yfb 

Arches, Piers, Ac., 1 Hand (m) . j ( - 

Architecturc, Ancient (128, 130) . t> - 
^ Design, (Mrbitt (iS) . . 3/- 

^ C.recian, Aberdeen (130) . . j ;o 

of Vitruvius, (*mll (128) * 5 - 

Orders, Leeds (10) . . . 2 ;o 

Orders and Styles (1(1, i 7 j . 3 - 

Styles, llury (17) . . . 2 •> 

Architectural Modelling, 1 \u hard son 

(»* 7 ) 

Aiithmetic, Young {84 J . . 3 - 

Do. do. Key (8j*'l . 2 0 

Blasting and Oiun vine. liuigoyne 

( 35 ) • "■ ■ - • - 

Boilermakeis’ Assistant, t ou. ti.ee 

(211). . - ■ • a - 

Hr.itlv Knknmr, tjwa'j/n (- 51 ; ,J,m 
Bookkeeping . •. . i '» 

toi 1* iw.inc 1 Wihidnnn; '2o(>;. . i - 

Boot and Shot' Making 7 en ) (202) 3 <• 
Pra^s Pounding hut bam ■ 1021 . 3 (■ 

Buck-Cutting A Setting Hammond 
I2O.5} . . 

Bridges (Iron), 1 ‘tnJud faun . 2 (> 

('I uhul'ii and'. «iiiH i !,/k ■;;/ vr if;', 2 o 
Building, Sec Lett . 

Estates Maitland ■ 2 r , . 

S' leal e oi, i at n ; 07; 

Carpentiv and joni'-'v, 1 n.Jj 
Plates, 4 to 0 •'>2 . . 

Cattle, Shei p, A I loin-, limn ra. 
Cornell ts, 1 'astes.Gl ues, Standa.i > 2; ■ 
CncuLr \\ oi !: m t .nuemiy ( 1 bn. 

Coach- Building, iin 1 

B Coal Mining, Sir vtl, u;r '• . -{ 

Compound Inteiest an 1 \nnv.tii , 
Thomau (kjo, . . | 

Decoration, Eh n'epi.m ’ o-en-, 

•. Jau, -- . 2 

Do. Bract leal# i ou-< . 

Fatty 127,7} ■ 3 

Drainage of E mils Ihiup". y (2<>8) .( 
Draining A Embanking Siotl (23m 2 
Diawmg and Measiujng Iu-tu 1 - 
ments, Jleathei (it'*'') 

Dwelling.] louses, lhroLs {132! . 3 - 

* All Pubiiskct 


Electric Lighting, Swiuton (282). 2 - 

Farm Koads and Ecnccs. Scott ^241) 2/0 
Faiftimg Economy, Hum (141) . 3/6 

Foundations, Ac., Dobson (44) 2/- 

1 'ruit Trees, Du Bieud (1 77) . 4/6 
Carden Receipts, (h/i// (2 *3) . 2/- 

t.as Woiks. Hughes t- 0’< onnoi 

(*»*) 0/6 

Ceology, Histoueal, Tate (173) . 2/6 

Ph\si( al, J ate (174) . . 2/- 

Ceometiy, Analytical, Hann (qo) 2/6 

Descuptne Heathei (7(>) . 2 lb 

Crafting and Budding, Ballet (231) 3/0 
Handrailing and Stan casing, Col- 

lino \2 '.o) . . . . 3 lb 

lle.ilth.M.iiiaeeinentof.Ak/iii/f 1 1 2*) 1/6 
I louse Book , 11 2, 1 12*, in j) . (>/- 

Detor.itie.il, Fatcv ( \ki, 257) . 0/- 

Ma 11a gei (104) . . . 3/6 

Joints I \ed by Ihuldeii., Chn sty 

•2 2(.'i 3/6 

Kite ‘it'ii Caidt'ning,. (Jenny (201) 3/- 

l.audcd I state 1 - Management, Hum 

'■ 20s); 3> 

T.i.’ht, 7 oi 11 1 2ii«d .... 2/- 

Eot emotive 1 no me Dm mg, VA 3- 

ue/iA '255) . . . 5/- 

Eiigni'xi. Model, b'cnmlds (27S) .5/- 
I.ogaiitlinis, /.«..■■ {20 j”) . . 4/- 

Bogic, 7 »/»/<•» (1 50) . . 2/- 

?dai I.iiktx , Details of (.ampin 

'23'*! 3/6 

Mamie Liigineeiing, LleniejiUiy, 

Bn.ee> (2, |1 .... 3/ 

Maseru \ and Stone-t uttmg (25) . 3/- 

M.: t4 mg and Pigging, hipping (7,4) 3/- 
Materiak A ( onsti in turn, (ampin 

(2101 3 lb 

Matliein.itK.il Instnmn nts, Heathei 

■ 1 oS o 70} .... 7/6 

Mnlhi main al 'J.ibles, /.ka rn /.'7 

V.i/my O04I .... 5/- 

Me.e uies, Weights, and Moneys, 

It oolhoust (22 1 ) . . . 3/- 

Me<licm<, JJoinestu, hooding (112) 2/- 

Mensui.it ion and Measuring, Ltaher 

("il 2/6 

Mijid.il MiiNevuts’ Cuide, l intern 

\ 1031 . . . ■ . 4/- 

Mniuig I ools. Moigans ' r 72) . 3/- 

.\loigans. Plates, jto (172^) 5/- 

Musie. .s peniei (n<g . . 2/6 

' Prices ate net. 



'i6 List of Bboks published by Crosby Lockwood and Son 


■Natural Philosophy, Tomlinson (2) 

2/- 

Sheet-Metal Woikcrs’ Guide, Crane 


Navigation & Nautical Astronomy, 


(2 3 «) . . . . . 

2/0 

You)!? (00) .... 

3 ''- 

Shoring, Bla^ovc i[i(.n) 

|2/- 

Greenwood and Bosser (55) 

3 /- 

Silvcisnuths’ Handbook, GVe 


Optical Instruments, Ileathn (160) 

3 /- 

(22.S) 

5 /J 

Orguii Building, Dickson (235) 

3.0 

Slate and Slate Ouanying, Davies 

f 

PaiKting, Fine Ait, Gulhch and 


(214) 

3/4 

Trmbs ( 1 Si ) 

5/0 

Snntliy and Forge, Cianr (237) 

3 /$ 

Perspective, Pyne (20) . 

2/0 

Soils. Manures, and Crops, Burn 


Pianofoite, Spencer (71) 

1/6 

(140) 

3 h 

Pioneer Engineering, Dobson (21 

3 /- 

Stationary Engine Dining, Key- 

9 

Plastering, Kemp (2 73) 

3 /- 

Holds L3O) 

5 /-' 

Pneumatics, Tomlinson (12) 

2/- 

Sniveling, Baker and Dixon (Oo) 

3 h 

Portland Cement, Faija (24S) 

3 /b 

Instillments, Heather (170) 

3 /- 

Quantities A Measurements. Beaton 


Subterraneous, h'enwuh (117) 

3 ;' 

D50) 

2/' 

'lree Planter and Piopagalo*", 

» 

Roads and Stiects, Law, ( lark. 


ll’eex/ (200) 

3 '- 

and Ta\ln 

0/0 

Prunei. Wood (210) 

2:'0 

Sailmaking, Kippir g u.pi) 

3.0 

Ventilation <>! Buddings, Buchan 


Sanitary \\n;k. Slag*; D03) 

3/0 

(2711 . . . . 

4 '• 

Sow.iec, I: rigal ion, At , Bam 
i-dd 

- . 

Well Sinking .Swindell o* Burnell 
I 3 i) 

3 > 


WEALL’S 

EDUCATIONAL SERIES. 


Gieek Grammai. liamilu >1 ti p 


Gci man Reader, Sum- .>> (p>) 

1 - 

Lexicon, Hamilton — 


Hebrew Diotionarv, Gicssniit — 


Greek and English (13'; 


Ilebiew and English (34; . 

7,0 

English ami Gierk M71 


English and lie lnew (40) . 

3/0 

Complete in 1 vol. 


Hebrew Grammar. Gres stmt 


Latin Grammar, Goodwin fin, 


( 4 “*) • ■ ■ ■ 

2 i~ 

Dictionary, Goodwin — 


Ftem li A Liigh-.li Phrase Book 


Latin and English (20) 


Mi) 

1 !<- 

English and Latin (22) 


Composition anil Punctuation, 


Complete in 1 iol 


Brenan (4S) 

2/- 

Italian tiumm.ir, Li, rr< (27, 


Derivative English Spe llmg. A’mc- 


Triglot Dictionary, Limes, En. 


bothani (40J .... 

2/- 

hsh-Fiench- Italian f 1 


F.xtempoie Speaking, Bantam (31) 

3 ,- 

Frencli-Italian-English (32; 

31 - 

Poituguesc Gi.iinmar, / Iwes (33) 

2/6 

Spanish Giammai, Llwcs (34, 

'2/0 

1 he tionan , / twee 1 =■,<■) 

S/6 

Die tiou.ny, Lines (35) 


C.es.ir’s Commentary s on the 


French Grammar, Strauss [i\, 


Gallic War. I oitir. 

2/0 


Alt Published Prices are net . 


LONDON: CROSBY LOCKWOOD & SON, 

7 STATIONERS’ HALL COURT, LUDCATE KILL, E.C.4. 









